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ENGINEERING FEASIBILITY AND COST 
ANALYSES OF NITROGEN REDUCTION FROM 
SELECTED POTWS IN MASSACHUSETTS 
 
 
 
 
EXECUTIVE SUMMARY 
 
The states of Connecticut and Rhode Island have established nitrogen removal programs to 
improve water quality in Long Island Sound and Narragansett Bay, respectively.  Central and 
western Massachusetts have a number of Publicly Owned Treatment Works (POTWs) that 
discharge within the Connecticut River (and four of its tributaries – the Chicopee River, 
Millers River, Deerfield River, and Westfield River), the Blackstone River, and the Ten Mile 
River watersheds, all of which eventually flow to either Long Island Sound or Narragansett 
Bay, but historically have not been subjected to effluent nitrogen limits.  This report 
evaluates the point sources of nitrogen from twenty-one of these POTWs in central and 
western Massachusetts and estimates the costs associated with reducing the nitrogen 
discharge from each.  Figure ES-1 presents the POTWs evaluated.   
 
Evaluations of the twenty-one POTWs include the use of the BioWin simulation package to 
aid in determining: 
 
• the maximum nitrogen reduction, either seasonal or year round, resulting from 
operational and minor modifications/retrofits to the existing facility under 
existing flows; 
• upgrades and associated costs required to meet an effluent concentration of 8 
mg/L total nitrogen seasonally (May –October) and annually at permitted flows; 
and, 
• upgrades and associated costs required to meet an effluent concentration of 5 
mg/L total nitrogen seasonally (May – October) and annually at permitted flows.  
 
The description of each facility in this report includes a discussion regarding minor 
modifications/retrofits and recommended upgrades to achieve the various nitrogen limits.  A 
standard evaluation approach was developed for determining recommended upgrades.  This 
did not result in, nor was it a project goal to determine, the most cost-effective approach for 
each facility to achieve the different levels of nitrogen removal.   
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The total costs to achieve annual TN limits of 8 and 5 mg/L at the twenty-one facilities 
evaluated in this report is over $750 million and $900 million, respectively, based on the 
assumptions made in this evaluation.  These assumptions include the use of permitted flows 
and assumed influent nitrogen concentrations when data was not available.  The permitted 
flow used for each facility is a flow that, for many communities, may not be realized in the 
near-term or even long-term future.  On average, the twenty-one POTWs are operating at 
about two-thirds of permitted capacity with five facilities operating at or less than 50% 
capacity.  Also, the majority of the facilities did not have influent nitrogen data and as a 
result, critical data had to be assumed.  The combination of these two factors results in 
upgrade costs that may be conservative.  The summary of the upgrade costs and associated 
modifications for all facilities is shown in Table ES-1.   
   
The Upper Blackstone Water Pollution Abatement District is the only one of the facilities 
that is currently being upgraded to achieve nitrogen removal (an annual average TN of 8 to 
10 mg/L although not required by the current permit).  This facility has also undergone a 
recent facilities planning process that determined a 20 year design flow projection of 45 mgd 
(80% of the permitted flow of the facility).  Thus, in addition to the evaluation at permitted 
capacity, this facility was also evaluated at the reduced design flow.  As shown in Table ES-
1, the upgrade costs for the 45 mgd facility were significantly less than those associated with 
upgrades at permitted capacity.  With all other analyses completed at the permitted flow of 
the facilities, a similar reduction in upgrade costs may be seen when more realistic design 
year flows are used.     
 
 
 
 
 
(continued) 
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Table ES-1 
FACILITY MODIFICATION AND COST SUMMARY 
 
POTW NAME OPERATIONAL OR LOW COST RETROFITS 
MODIFICATIONS TO 
ACHIEVE SEASONAL TN OF 
8 MG/L 
CAPITAL COSTS 
TO ACHIEVE 
SEASONAL TN OF 
8 MG/L 
(MILLIONS) 
MODIFICATIONS TO 
ACHIEVE ANNUAL AVERAGE 
TN OF 8 MG/L 
CAPITAL COSTS 
TO ACHIEVE 
ANNUAL TN OF 8 
MG/L (MILLIONS) 
MODIFICATIONS TO 
ACHIEVE SEASONAL TN OF 
5 MG/L 
CAPITAL COSTS 
TO ACHIEVE 
SEASONAL TN OF 
5 MG/L 
(MILLIONS) 
PROCESS USED TO 
ACHIEVE ANNUAL 
AVERAGE TN OF 5 MG/L 
CAPITAL COSTS 
TO ACHIEVE 
ANNUAL TN OF 5 
MG/L (MILLIONS) 
Blackstone River Watershed 
Upper Blackstone Water 
Pollution Abatement 
District at 56 mgd 
Ongoing upgrade to 
operate in MLE, A/O 
and A2/O modes 
Add two aeration tanks, 
IFAS in aerobic zones, and 
two new clarifiers 
$130 
Add two aeration tanks, 
IFAS in aerobic zones, and 
two new clarifiers 
$130 
Add two aeration tanks, 
IFAS in aerobic zones, two 
new clarifiers, 
denitrification filter, 
intermediate pump station, 
and methanol facility 
$180 
Add two aeration tanks, 
IFAS in aerobic zones,  
two new clarifiers, 
denitrification filter, 
intermediate pump station, 
and methanol facility 
$180 
Upper Blackstone Water 
Pollution Abatement 
District at 45 mgd (1) 
Ongoing upgrade to 
operate in MLE, A/O 
and A2/O modes 
Currently designed to achieve annual average TN of 8 mg/L and monthly limit of 8-10 mg/L 
Add one aeration tank, 
IFAS in all tanks, one 
clarifier 
$90 
Add one aeration tank, 
IFAS in all tanks, one 
clarifier 
$90 
Grafton Wastewater 
Treatment Plant None 
Add two aeration tanks, 
one clarifier, 
denitrification filter, 
intermediate pump station, 
and a methanol facility 
$28 
Add two aeration tanks, 
IFAS to all tanks, one 
clarifier, denitrification 
filter, intermediate pump 
station, and a methanol 
facility 
$41 
Add two aeration tanks, 
one clarifier, denitrification 
filter, intermediate pump 
station, and a methanol 
facility 
$28 
Add two aeration tanks, 
IFAS to all tanks, one 
clarifier, denitrification 
filter, intermediate pump 
station, and a methanol 
facility 
$41 
Northbridge Wastewater 
Treatment Plant 
Cycle aeration in SBR 
up to 1.3 mgd 
Add one SBR and a 
building to accommodate 
equipment 
$6 Add one SBR and a building to accommodate equipment $6 
Add one SBR and a 
building to accommodate 
it, a denitrification filter, 
intermediate pump station 
and a methanol facility 
$16 
Add one SBR and a 
building to accommodate 
it, a denitrification filter, 
intermediate pump station 
and a methanol facility 
$16 
Douglas Wastewater 
Treatment Facility 
Currently achieving 
some nitrogen removal Add two SBRs $4.4 Add two SBRs $4.4 Add two SBRs $4.4 Add two SBRs $4.4 
Upton Wastewater 
Treatment Facility None Add one new aeration tank $5.1 
Add one new aeration tank 
with IFAS in each tank  $7.3 
Add one new aeration tank 
and a methanol facility $5.3 
Add one new aeration tank 
with IFAS in each tank 
and a methanol facility 
$7.4 
Uxbridge Wastewater 
Treatment Facility 
Currently achieving 
some nitrogen removal Add five aeration tanks $25 
Add eight aeration tanks 
with denitrification filters, 
intermediate pump station 
and methanol facility 
$44 Add seven aeration tanks $32 
Add eight aeration tanks 
with denitrification filters, 
intermediate pump station 
and methanol facility 
$44 
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Table ES-1 (continued) 
FACILITY MODIFICATION AND COST SUMMARY 
 
POTW NAME OPERATIONAL OR LOW COST RETROFITS 
MODIFICATIONS TO 
ACHIEVE SEASONAL TN OF 
8 MG/L 
CAPITAL COSTS 
TO ACHIEVE 
SEASONAL TN OF 
8 MG/L 
(MILLIONS) 
MODIFICATIONS TO 
ACHIEVE ANNUAL AVERAGE 
TN OF 8 MG/L 
CAPITAL COSTS 
TO ACHIEVE 
ANNUAL TN OF 8 
MG/L (MILLIONS) 
MODIFICATIONS TO 
ACHIEVE SEASONAL TN OF 
5 MG/L 
CAPITAL COSTS 
TO ACHIEVE 
SEASONAL TN OF 
5 MG/L 
(MILLIONS) 
PROCESS USED TO 
ACHIEVE ANNUAL 
AVERAGE TN OF 5 MG/L 
CAPITAL COSTS 
TO ACHIEVE 
ANNUAL TN OF 5 
MG/L (MILLIONS) 
Hopedale Wastewater 
Treatment Facility None 
Add seven aeration tanks, 
two clarifiers and 
methanol facility 
$23 
Add eight aeration tanks, 
two clarifiers and methanol 
facility 
$25 
Add seven aeration tanks, 
two clarifiers and methanol 
facility 
$23 
Add eight aeration tanks, 
two clarifiers and 
methanol facility 
$25 
Connecticut River Watershed 
Springfield Wastewater 
Treatment Facility None 
Nitrate recycle pumps and 
other minor modifications 
to existing aeration tanks 
$4.5 
Structural modifications to 
four existing aeration tanks; 
new diffusers; nitrate recycle 
pumps; two new clarifiers 
$23 
Nitrate recycle pumps and 
other minor modifications 
to existing aeration tanks; 
two new clarifiers 
$56 
Structural modifications to 
four existing aeration 
tanks; new diffusers; 
nitrate recycle pumps; 
three new clarifiers 
$65 
Amherst Wastewater 
Treatment Plant None 
Add two aeration tanks, 
one clarifier, 
denitrification filters, 
intermediate pump station 
and methanol facility 
$48 
Add four aeration tanks, one 
clarifier, denitrification 
filters, intermediate pump 
station and methanol facility 
$61 
Add two aeration tanks, 
one clarifier, denitrification 
filters, intermediate pump 
station and methanol 
facility 
$48 
Add four aeration tanks, 
one clarifier, 
denitrification filters, 
intermediate pump station 
and methanol facility 
$61 
Northampton 
Wastewater Treatment 
Facility 
None 
50% more volume added 
to end of existing tanks; 
conversion to plug flow; 
aeration equipment; nitrate 
recycle pumps; 2 new 
clarifiers; demolition 
existing digesters 
$20 
50% more volume added to 
end of existing tanks; 
conversion to plug flow; 
aeration equipment; nitrate 
recycle pumps; IFAS 
system; one new clarifier; 
methanol feed facility; 
demolition existing digesters 
$35 
50% more volume added to 
end of existing tanks; 
conversion to plug flow; 
aeration equipment; nitrate 
recycle pumps; IFAS 
system; one new clarifier; 
methanol feed facility; 
demolition existing 
digesters 
$36 
50% more volume added 
to end of existing tanks; 
conversion to plug flow; 
aeration equipment; nitrate 
recycle pumps; IFAS 
system; two new clarifiers; 
methanol feed facility; 
demolition existing 
digesters 
$39 
Holyoke Wastewater 
Treatment Facility None 
BAFs and denitrification 
filters; methanol feed 
facility; intermediate pump 
station  
$99 
BAFs and denitrification 
filters; methanol feed 
facility; intermediate pump 
station  
$99 
BAFs and denitrification 
filters; methanol feed 
facility; intermediate pump 
station  
$99 
BAFs and denitrification 
filters; methanol feed 
facility; intermediate pump 
station  
$99 
Chicopee Wastewater 
Treatment Facility None 
IFAS system in aeration 
tanks; replace aeration 
equipment; denitrification 
filters; methanol feed 
facility; 4 new stacked 
clarifiers; intermediate 
pump station; demolition 
of old digesters 
$65 
Demolition of oxygenation 
tanks and clarifiers; 
nitrification and 
denitrification filters; 
intermediate PS; methanol 
feed facility 
$87 
IFAS system in aeration 
tanks; replace aeration 
equipment; denitrification 
filters; methanol feed 
facility; 4 new stacked 
clarifiers; intermediate 
pump station; demolition 
of old digesters 
$65 
Demolition of oxygenation 
tanks and clarifiers; 
nitrification and 
denitrification filters; 
intermediate PS; methanol 
feed facility 
$87 
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Table ES-1 (continued) 
FACILITY MODIFICATION AND COST SUMMARY 
 
POTW NAME OPERATIONAL OR LOW COST RETROFITS 
MODIFICATIONS TO 
ACHIEVE SEASONAL TN OF 
8 MG/L 
CAPITAL COSTS 
TO ACHIEVE 
SEASONAL TN OF 
8 MG/L 
(MILLIONS) 
MODIFICATIONS TO 
ACHIEVE ANNUAL AVERAGE 
TN OF 8 MG/L 
CAPITAL COSTS 
TO ACHIEVE 
ANNUAL TN OF 8 
MG/L (MILLIONS) 
MODIFICATIONS TO 
ACHIEVE SEASONAL TN OF 
5 MG/L 
CAPITAL COSTS 
TO ACHIEVE 
SEASONAL TN OF 
5 MG/L 
(MILLIONS) 
PROCESS USED TO 
ACHIEVE ANNUAL 
AVERAGE TN OF 5 MG/L 
CAPITAL COSTS 
TO ACHIEVE 
ANNUAL TN OF 5 
MG/L (MILLIONS) 
Easthampton 
Wastewater Treatment 
Facility 
Operate at higher SRT; 
install timers on aerators  
one new aeration tank; 
conversion of existing to 
plug flow; aeration 
equipment; nitrate recycle 
pumps 
$11 
one new aeration tank; 
conversion of existing to 
plug flow; aeration 
equipment; nitrate recycle 
pumps 
$11 
one new aeration tank; 
conversion of existing to 
plug flow; aeration 
equipment; nitrate recycle 
pumps; one new clarifier 
$13 
one new aeration tank; 
conversion of existing to 
plug flow; aeration 
equipment; nitrate recycle 
pumps; one new clarifier 
$13 
South Hadley 
Wastewater Treatment 
Facility 
Operate at higher SRT; 
utilize new VFDs to 
simulate cyclical 
aeration 
50% more bioreactor 
volume; convert two 
existing aeration tanks to 
plug flow; nitrate recycle 
pumps; aeration 
equipment; methanol feed 
facility 
$16 
50% more bioreactor 
volume; convert two 
existing aeration tanks; 
nitrate recycle pumps; 
aeration equipment; one 
clarifier; methanol feed 
facility; demolition of 
digesters 
$19 
50% more bioreactor 
volume; convert two 
existing aeration tanks; 
nitrate recycle pumps; 
aeration equipment; one 
clarifier; methanol feed 
facility; demolition of 
digesters 
$19 
50% more bioreactor 
volume; convert two 
existing aeration tanks; 
nitrate recycle pumps; 
aeration equipment; two 
clarifiers; methanol feed 
facility; demolition of 
digesters 
$22 
Chicopee River Watershed 
Palmer Water Pollution 
Control Facility 
Operate at higher SRT; 
turn off first grid of 
diffusers to create 
anoxic zones; install 
FRP baffles 
one new aeration tank; 
conversion of existing to 
plug flow; aeration 
equipment; nitrate recycle 
pumps; one new clarifier 
$18 
two new aeration tanks; 
conversion of existing to 
plug flow; aeration 
equipment; nitrate recycle 
pumps; one new clarifier 
$22 
one new aeration tank; 
conversion of existing to 
plug flow; aeration 
equipment; nitrate recycle 
pumps; one new clarifier; 
methanol feed facility 
$18 
two new aeration tanks; 
conversion of existing to 
plug flow; aeration 
equipment; nitrate recycle 
pumps; one new clarifier; 
methanol feed facility 
$23 
Ware Wastewater 
Treatment Facility 
Install timers on 
aerators for cyclical 
aeration  
Modify two existing 
aeration tanks to plug 
flow; aeration equipment; 
nitrate recycle pumps 
$6.6 
Modify two existing aeration 
tanks to plug flow; aeration 
equipment; nitrate recycle 
pumps 
$6.6 
Modify two existing 
aeration tanks to plug flow; 
aeration equipment; nitrate 
recycle pumps 
$6.6 
Modify two existing 
aeration tanks to plug 
flow; aeration equipment; 
nitrate recycle pumps 
$6.6 
Millers River Watershed 
Erving Center 
Wastewater Treatment 
Facility 
Minimal Costs - Facility is nutrient deficient 
Deerfield River Watershed 
Greenfield Wastewater 
Treatment Facility None 
BAFs and denitrification 
filters; methanol feed 
facility; intermediate pump 
station; compensatory 
storage 
$49 
BAFs and denitrification 
filters; methanol feed 
facility; intermediate pump 
station; compensatory 
storage 
$49 
BAFs and denitrification 
filters; methanol feed 
facility; intermediate pump 
station; compensatory 
storage 
$49 
BAFs and denitrification 
filters; methanol feed 
facility; intermediate pump 
station; compensatory 
storage 
$49 
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Table ES-1 (continued) 
FACILITY MODIFICATION AND COST SUMMARY 
 
 
 
POTW NAME 
OPERATIONAL OR LOW 
COST RETROFITS 
MODIFICATIONS TO 
ACHIEVE SEASONAL TN OF 
8 MG/L 
CAPITAL COSTS 
TO ACHIEVE 
SEASONAL TN OF 
8 MG/L 
(MILLIONS) 
MODIFICATIONS TO 
ACHIEVE ANNUAL AVERAGE 
TN OF 8 MG/L 
CAPITAL COSTS 
TO ACHIEVE 
ANNUAL TN OF 8 
MG/L (MILLIONS) 
MODIFICATIONS TO 
ACHIEVE SEASONAL TN OF 
5 MG/L 
CAPITAL COSTS 
TO ACHIEVE 
SEASONAL TN OF 
5 MG/L 
(MILLIONS) 
PROCESS USED TO 
ACHIEVE ANNUAL 
AVERAGE TN OF 5 MG/L 
CAPITAL COSTS 
TO ACHIEVE 
ANNUAL TN OF 5 
MG/L (MILLIONS) 
Westfield River Watershed 
Westfield Wastewater 
Treatment Facility None 
Modify existing three 
aeration tanks; add IFAS 
system; increase blower 
capacity; nitrate recycle 
pumps; methanol feed 
facility 
$17 
Modify existing three 
aeration tanks; add IFAS 
system; increase blower 
capacity;  nitrate recycle 
pumps; methanol feed 
facility 
$16 
Modify existing three 
aeration tanks; add IFAS 
system; increase blower 
capacity; nitrate recycle 
pumps; methanol feed 
facility 
$17 
Modify existing three 
aeration tanks; add IFAS 
system; increase blower 
capacity; nitrate recycle 
pumps; methanol feed 
facility;  
$17 
Ten Mile River Watershed 
North Attleborough 
Wastewater Treatment 
Facility 
Currently achieving 
some nitrogen removal 
Combine each set of four 
existing tanks into a single 
reactor (total of two 
modified tanks), add two 
new tanks - same size as 
modified tanks  
$19 
Combine each set of four 
existing tanks into a single 
reactor (total of two 
modified tanks), add two 
new tanks - same size as 
modified tanks  
$19 
Combine each set of four 
existing tanks into a single 
reactor (total of two 
modified tanks), add three 
new tanks - same size as 
modified tanks, add a 
methanol facility 
$26 
Combine each set of four 
existing tanks into a single 
reactor (total of two 
modified tanks), add three 
new tanks - same size as 
modified tanks, add a 
methanol facility 
$26 
Attleboro Wastewater 
Treatment Facility Cyclical aeration 
Combine each set of five 
existing tanks into a single 
reactor (total of two 
modified tanks), add three 
new tanks - same size as 
modified tanks  
$38 
Combine each set of five 
existing tanks into a single 
reactor (total of two 
modified tanks), add five 
new tanks - same size as 
modified tanks, add one new 
clarifier 
$60 
Combine each set of five 
existing tanks into a single 
reactor (total of two 
modified tanks), add six 
new tanks - same size as 
modified tanks, add one 
new clarifier 
$70 
Combine each set of five 
existing tanks into a single 
reactor (total of two 
modified tanks), add eight 
new tanks - same size as 
modified tanks, add one 
new  and a methanol 
facility 
$88 
Notes: 
 
1. The Upper Blackstone Water Pollution Abatement Facility is the only one included in this study that has undergone a recent wastewater facility plan and a current nitrogen removal upgrade at a flow that is less than the permitted capacity. 
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This study is not intended to be a substitute for a thorough evaluation that would be required if a 
facility were to embark on any major improvements.  Further, the cost estimates are “order of 
magnitude” projections for nitrogen removal only based on the best available data and the noted 
limitations of this study.  As such, they should be used for broad planning purposes in 
determining where more specific evaluations are warranted in the context of meeting the 
interstate nutrient loading goals.  The usefulness of this study lies not in the individual facility 
evaluations, but more in the estimated total dollars established for upgrades in the individual 
watersheds or for the entire project.   
 
Some of the facilities in this report are currently achieving or nearly achieving annual average 
TN levels of 8 mg/L.  Despite this, these same facilities have some costs associated with 
achieving a limit of 8 mg/L.  There are several reasons for this.  In some cases, the facility would 
not be able to continue to achieve low levels of TN at their permitted capacity.  In other cases 
where the facility is near its permitted capacity and still achieving TN levels close to 8 mg/L, the 
evaluations in this report were conducted at maximum loading conditions and minimum 
temperatures, a condition that these facilities may not yet have experienced.  It should be noted 
that any facility that is designed to achieve an effluent limit of 8 mg/L will have safety factors 
built into the design which will allow the facility to typically outperform its limit to ensure the 
limit is consistently achieved.  
  
Further, many of the facilities included in this study may also be facing future limits on other 
parameters including phosphorus and certain metals resulting in the need for advanced treatment.  
The focus of this report is strictly on nitrogen removal and thus evaluations and costs estimates 
only consider the impacts of nitrogen removal on these facilities.  In addition, any baseline 
improvements to existing, aging processes are not included in the estimate.  
 
In moving forward with the results of this report the following should be considered: 
 
1. Truth check on permitted capacity.  Due to the exodus of many large water use 
industries in the watersheds analyzed, the permitted capacity of many of the facilities 
is well above a twenty year projected flow in the service area.  Needs analyses should 
be performed and modeling re-run based on both current and more realistic design 
year flows. 
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2. Facilities should be encouraged to increase sampling of nitrogen components in 
influent, primary effluent and final effluent to get a better understanding of the 
constituent profile across the plant.  These parameters include TKN, ammonia, 
nitrate, and nitrite.  Characterization of the influent should also be done so that this 
data can then be used in conjunction with the nitrogen series in the BioWin 
simulations to reduce the need to use default values in the modeling. 
 
3. Further investigation of conversion of a conventional activated sludge process to an 
MLE process to achieve seasonal or year-round nitrogen removal at both current and 
more realistic design year treatment plant flows within existing and/or new tankage.  
 
4. Nitrogen trading with the watersheds. 
 
5. Obtaining a better understanding of the fate and transport of total nitrogen discharged 
from POTWs in Massachusetts on Long Island Sound and Narragansett Bay. 
 
This study will provide the Commonwealth of Massachusetts with preliminary information 
necessary to assess technical and financial impacts associated with potential nitrogen reduction 
alternatives to the POTWs in Massachusetts that contribute nitrogen to Narragansett Bay and 
Long Island Sound.  This report will help communities to begin identifying possible nitrogen 
reduction alternatives and associated costs.  It will also assist the commonwealth in effectively 
assessing the financial impacts of future total nitrogen limits within each watershed required to 
meet the water quality goals of Narragansett Bay and Long Island Sound.      
i 
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ENGINEERING FEASIBILITY AND COST 
ANALYSES OF NITROGEN REDUCTION FROM 
SELECTED POTWS IN MASSACHUSETTS 
 
 
 
 
SECTION 1 - INTRODUCTION 
 
1.1 BACKGROUND 
 
The states of Connecticut and Rhode Island have established nitrogen removal programs to 
improve water quality in Long Island Sound and Narragansett Bay, respectively.  Central and 
western Massachusetts have a number of Publicly Owned Treatment Works (POTWs) that 
discharge within the Connecticut River (and four of its tributaries), the Blackstone River, and the 
Ten Mile River watersheds, all of which eventually flow to either Long Island Sound or 
Narragansett Bay, but historically have not been subjected to effluent nitrogen limits.   
 
Due to the natural attenuation of nitrogen in the environment, a pound of nitrogen discharged in 
Massachusetts does not necessarily equate to a pound discharged in Long Island Sound or 
Narragansett Bay.  The actual impact of nitrogen discharged by the Massachusetts facilities to 
the interstate watersheds has not been sufficiently determined, but there is enough evidence to 
support review, evaluation and cost assessment of treatment options to reduce nitrogen and 
assess costs to decrease the nitrogen contribution from the POTWs in Massachusetts.  This report 
evaluates the point sources of nitrogen from twenty-one POTWs in central and western 
Massachusetts.  These facilities and their corresponding capacities are listed in the table below 
and their locations are shown in Figures 1.1-1, 1.1-2 and 1.1-3. 
 
Many of the facilities included in this study may also be facing future limits on other parameters 
including phosphorus and certain metals resulting in the need for advanced treatment.  The focus 
of this report is strictly on nitrogen removal and thus evaluations and costs estimates only 
consider the impacts of nitrogen removal on these facilities.  In addition, any baseline 
improvements to existing, aging processes are not included in the estimate.       
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Table 1.1-1 
LIST OF POTWs 
 
NAME OF FACILITY PERMITTED CAPACITY (MGD) 
Blackstone River Watershed 
Upper Blackstone Water Pollution Abatement 
District 56.0  
Grafton 2.4  
Northbridge 1.8  
Douglas 0.6  
Upton 0.4  
Uxbridge 2.5  
Hopedale 0.6  
Connecticut River Watershed  
Springfield 67.0  
Amherst 7.1  
Northampton 8.6  
Holyoke 17.5  
Chicopee 15.5  
Easthampton 3.8  
S. Hadley 4.2  
Chicopee River Watershed  
Palmer 5.6  
Ware 2.0  
Ten Mile River Watershed  
North Attleborough 4.6  
Attleboro 8.6  
Millers River Watershed  
Erving Center  2.7  
Deerfield River Watershed  
Greenfield  3.2  
Westfield River Watershed  
Westfield 6.1  
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1.2 OBJECTIVES 
 
The purpose of this report is to develop planning level costs for upgrading all major POTWs in 
the Connecticut, Blackstone, and Ten Mile River watersheds.  The usefulness of this study lies 
not in the individual facility evaluations, but more in the estimated total dollars established for 
upgrades in the individual watersheds or for the entire project.   
 
For the purposes of this study, all facilities were evaluated in the same manner.  As such, this 
study is not intended to be a substitute for a thorough evaluation that would be required if a 
facility were to embark on any major improvements.   
 
Evaluations of the twenty-one POTWs include the use of the BioWin simulation package to aid 
in determining: 
 
• the maximum nitrogen reduction, either seasonal or year round, resulting from 
operational and minor modifications/retrofits to the existing facility under existing 
flows; 
• upgrades and associated costs required to meet an effluent concentration of 8 mg/L 
total nitrogen seasonally (May –October) and annually at permitted flows; and, 
• upgrades and associated costs required to meet an effluent concentration of 5 mg/L 
total nitrogen seasonally (May – October) and annually at permitted flows.  
 
This study will provide the Commonwealth of Massachusetts with preliminary information 
necessary to assess technical and financial impacts associated with potential nitrogen reduction 
alternatives to the POTWs in Massachusetts that contribute nitrogen to Narragansett Bay and 
Long Island Sound.  This report will help communities to begin identifying possible nitrogen 
reduction alternatives and associated costs.  It will also assist the commonwealth in effectively 
assessing the financial impacts of future total nitrogen limits within each watershed required to 
meet the water quality goals of Narragansett Bay and Long Island Sound.    
 
The cost estimates contained herein are “order of magnitude” projections for nitrogen removal 
only based on the best available data and the noted limitations of this study.  As such, they 
should be used for broad planning purposes in determining where more specific evaluations are 
warranted in the context of meeting the interstate nutrient loading goals.   
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1.3 ORGANIZATION 
 
Section 2 describes the Quality Assurance (QA) procedures that were implemented to 
standardize the approach used in evaluating each facility in the project. 
 
Sections 3 through 9 provide the results of the plant evaluations, sections being grouped by the 
river into which each plant discharges.  Each section provides some background information 
about the plant; a summary of the existing treatment processes and data; a description of special 
conditions; a nitrogen removal evaluation; and estimated costs for the nitrogen removal 
alternatives that are presented.  
 
Section 10 provides a summary of this study including a watershed by watershed discussion of 
the results.  It also includes key recommendations and the intended use of the results of this 
study.   
Section 2 
Quality Assurance Program
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ENGINEERING FEASIBILITY AND COST 
ANALYSES OF NITROGEN REDUCTION FROM 
SELECTED POTWS IN MASSACHUSETTS 
 
 
 
 
SECTION 2 – QUALITY ASSURANCE PROGRAM 
 
2.1 INTRODUCTION 
 
This section of the report outlines the quality assurance (QA) program that was implemented to 
standardize the analysis of the twenty-one facilities that are a part of this study.  The QA 
program consists of three main topics:  Data Gathering, Evaluation and Modeling Procedures, 
and Cost Estimating. 
 
The data gathering QA procedures consist of the manner in which data were requested for each 
facility and how the data were summarized and prepared for use.  Summaries of all of the plant 
influent and effluent data are contained within this report.  Summaries of the data collected at 
each facility are included in an appendix.  
 
The evaluation and modeling QA procedures present a standard means of evaluating each of the 
facilities.  It should be noted that these procedures were not developed to determine the most 
appropriate technology nor the most cost effective one for the individual facilities.  They were 
developed to treat all facilities equally.  Evaluation modeling procedures also cover the use of the 
data and how gaps in data were filled, specific modeling parameters, and considerations for 
achieving nitrogen removal at the facilities. 
 
The cost estimating QA procedures outline the means by which capital costs and operation and 
maintenance costs were estimated for the purpose of this study.  Included in these procedures are 
allowances for contingency and engineering. 
 
 
 
 
(continued) 
2-2 
2.2 DATA COLLECTION PROCEDURES 
 
The data collection procedures that were used for this study are detailed as follows. 
 
A. Data Gathering.  A site visit was conducted at each of the identified treatment facilities.  
During the visit, a meeting was conducted with the plant operations staff to review the current 
treatment process, obtain information on the current plant configuration and conditions, gather 
historical sampling data, and obtain existing operating costs.  
 
Records of historical data were obtained for the period of January 2004 through December 2006.  
More detailed information about the historic data collected is contained in Section 2.2, D. 
Sampling Methods.  A request form that details the type of information needed to complete this 
project was sent to each facility prior to the site visit.  Refer to Appendix A for a sample data 
request form.  In order to standardize the type of information gathered from each facility, an 
interview form was developed as a guide for each site visit.  A sample interview form is also 
included in Appendix A.  The completed interview forms are included in Appendix B. 
 
Information (typically found on engineering drawings, specifications, and reports from previous 
construction and facility upgrades) about the treatment plant infrastructure was also gathered.  
This information was used to evaluate the potential upgrades to the plant to remove nitrogen.  
The following is an example of the type of information that was collected and how it was used. 
 
Table 2.2-1 
PLANT DATA 
 
OTHER PLANT DATA USE OF DATA 
Plant Site Plan Verify sizes of existing process tanks and check available areas for new equipment or processes. 
Plant Hydraulic Profile Determine if additional pumping is required. 
Engineering Specifications or Reports Determine design criteria and design capacity of existing processes and equipment.  Obtain process design schematic. 
NPDES Permit Determine current limits. 
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B. Data Evaluation.  Sampling data was collected in electronic or hard copy form depending 
on the available records from the treatment plants.  The data was then imported into 
spreadsheets.  The sampling data was from an instantaneous grab or composite sample.  The 
sample frequency varied depending on the NPDES permit requirements.  
 
The monthly average, seasonal average, maximum and minimum values were tabulated.  The 
values for Biochemical Oxygen Demand (BOD) and nitrogen were compared to typical values 
for municipal wastewater.  Municipal wastewater (without significant industrial discharges) is 
fairly uniform and changes only in relative strength.  Some sewage collection systems experience 
infiltration of groundwater and inflow of storm water and therefore have a more dilute, low 
strength wastewater.  Other systems have less dilution and a higher strength waste.  The 
treatment plant sampling data were compared to Wastewater Engineering:  Treatment and 
Reuse, Metcalf & Eddy, Fourth Edition 2003.   
 
C. Data Use.  Historic sampling data were used for the input for modeling work and as a basis 
for quantifying the amount of nitrogen that is currently discharged.  Other information gathered 
at the plant was used to evaluate the needed process and equipment upgrades.   
 
D. Sampling Methods.  This project used existing sampling data collected by the individual 
treatment plants as part of their NPDES discharge monitoring requirements.  The sampling 
procedures, sample analysis, and reporting is regulated by the NPDES permit.  
 
E. Data Review.  The existing data obtained were reviewed, and it was determined if 
sufficient data existed for evaluating each treatment plant.  If it was determined that additional 
data was needed, the data was assumed in accordance with procedures developed in Section 2.3.   
 
2.3 EVALUATION AND MODELING PROCEDURES 
 
A. Facility Upgrades for Nitrogen Removal.  The treatment plants were evaluated to 
determine the needed upgrades to meet the following nutrient removal goals:  
 
1. Maximum achievable nitrogen reduction, seasonal or year round, resulting from 
operational and minor modifications/retrofits to the existing facility under existing flows.  Such 
modifications would include changes to the operation of existing equipment and not installation 
of equipment or construction of tanks or walls.  This work could be done either by plant 
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personnel or with a small purchase order (defined as one that would not require a public bid to 
complete).  Examples of operational changes include operating aeration tanks in a series, 
operating at a higher solids retention time, and reducing the air input to portions of the tank to 
create anoxic conditions.  An example of minor modifications/retrofits includes, the addition of 
timers to mechanical aerators to allow for cyclical aeration.  No costs are associated with this 
goal since they are all assumed to be minimal. 
 
2. At permitted capacity, meeting an effluent concentration of 8 mg/L total nitrogen 
seasonally (May – October) as a monthly average and as an annual average1.   
 
3. At permitted capacity, meeting an effluent concentration of 5 mg/L total nitrogen 
seasonally (May – October) as a monthly average and as an annual average2.   
 
Evaluations included developing capital and operational costs associated with the processes 
selected as discussed in further detail in Section 2.4.  
 
B. Data Analysis.  The historical influent sampling data were reviewed for quality and then 
used for the input for modeling or used with empirical methods.  The influent concentration was 
used for modeling the plant at permitted capacity.  Typically the plants were operating at less 
than their permitted flow.  This means that even if the plant is currently nitrifying, it may not be 
able to at the higher permitted flow.  A typical list of input data used for modeling is shown on 
the following page. 
 
 
 
 
 
 
 
 
(continued)
                                                 
1 Due to the scope of the project, the annual average permit condition was modeled to meet a monthly limit of 8 
mg/L.  This yields a result that is conservative.  See Section 2.3E for more information. 
2 Due to the scope of the project, the annual average permit condition was modeled to meet a monthly limit of 5 
mg/L.  This yields a result that is conservative.  See Section 2.3E for more information. 
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Table 2.3-1 
TYPICAL MODEL INPUT PARAMETERS 
 
PARAMETER UNITS 
Flow mgd 
CBOD5 or BOD5 mg/L 
Total Suspended Solids mg/L  
Total Kjeldahl Nitrogen mg/L as N 
Ammonia  mg/L as N 
pH -- 
Temperature Deg C 
Alkalinity mmol/L 
 
Data for modeling was taken from actual plant data unless recent flow and load data was 
available from a recent facility plan, plant upgrade, or other documents.  In the event of a recent 
plant upgrade, the design loads for the upgrade were used.  The reason for using design loads 
from a recent plant upgrade rather than actual plant data is because the time spent analyzing plant 
loads for an upgrade is presumed to be much greater than the time available for analyzing plant 
data for this study.   
 
When actual plant data was utilized, maximum monthly loads were determined for the seasonal 
as well as the annual conditions.  For modeling purposes, the design condition was defined by 
the maximum month BOD load and the minimum temperature.  Maximum month Total 
Suspended Solids (TSS) loads were determined by using the three year ratio of this parameter to 
BOD.  For this study, nitrogen data was typically scant.  Thus a textbook Total Kjeldahl 
Nitrogen (TKN)/BOD ratio was applied to yield the design TKN when nitrogen data was not 
available. The textbook value of nitrogen was obtained from Wastewater Engineering:  
Treatment and Reuse, Metcalf & Eddy, Fourth Edition as follows:  TN/BOD ratio of 0.18 for 
low strength wastewater (110 mg/L BOD) and medium strength wastewater (220 mg/L BOD) 
and 0.21 for high strength wastewater (400 mg/L) was applied to the influent BOD to determine 
a TN value for the facility.  Nitrate and nitrite were assumed to be negligible. 
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The flow rate used for modeling purposes was determined by taking the flow rate during the 
month with the maximum month BOD load and then determining the future flow by multiplying 
that flow by the ratio of permitted (average) flow to current average flow.  It should be noted that 
the flow rate at the maximum monthly loading condition is not necessarily the maximum 
monthly flow.  The BOD concentration input for the model also was determined from the 
maximum month load.  
 
If temperature data was not available, temperatures that are consistent with plants in the same 
region were used.  For the Blackstone River basin, 80C was assumed for the annual average TN 
goal and 110C was assumed for the seasonal TN goal.  For the Connecticut River basin and sub-
basins, 80C was assumed for the annual average TN goal and 140C was assumed for the seasonal 
TN goal.  Temperature data was available for the plants in Ten Mile River basins.  These are low 
temperatures for the region based on data from other plants.  
 
All data was checked for outliers.  An outlier was defined as a data point that was greater than 
two standard deviations above the mean. 
 
When recycle loads were not included in the plant data, estimates for this data were made 
through the modeling process. 
 
C. Facility Evaluations.  Except for plants with SBRs and trickling filters the primary 
processes for achieving the nitrogen goals are as follows per the scope of this project: 
 
• 8 mg/L:  MLE (or Bardenpho - if BioWin predicts that an MLE process is not capable 
of achieving this goal) 
• 5 mg/L:  Bardenpho process with methanol addition to the second anoxic zone 
 
When these processes were inadequate due to site constraints or other similar issues, the 
following were considered on a site by site basis in the order listed: 
 
• Fixed film media:  shall be used to enhance the nitrification process.  The process is 
referred to as Integrated Fixed Film Activated Sludge (IFAS) in the study; 
• Denitrification Filters:  shall be used to accomplish all nitrate removal or to 
supplement the denitrification process. 
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When none of the above processes could be implemented on the existing site, other technologies 
were explored.  Some technologies that were considered include biological aerated filters (BAFs) 
and membrane bioreactors.  For the purposes of this study, BAFs were utilized. 
 
Plants with specialized processes such as SBRs or trickling filters were evaluated on a case by 
case basis utilizing the same general progression of available technologies. 
 
D. Evaluation Parameters.  An initial model for each plant was constructed using the 
existing influent and effluent BOD and nitrogen data, if available.  This approach served to 
determine if the model satisfactorily predicted the operation of the existing plant and could 
therefore be used to predict performance of the upgraded plant.  If the model results did not 
correspond with sampled results, further investigation into the treatment process and sampling 
process is necessary, and this is noted in the report.  
 
The evaluation for potential upgrades considered typical design standards and empirical sizing 
criteria.  Examples of this type of information is indicated in the table below.  Target values are 
shown in the table in parentheses.  These typical design criteria were used as guidance but not as 
an absolute.  Engineering judgment was used to determine if straying from these guidelines 
slightly was practical in order to produce reasonable simulation results.   
 
Table 2.3-2 
TYPICAL DESIGN CRITERIA 
 
UNIT PROCESS TYPICAL DESIGN VALUE REFERENCE 
MLE process 
Anoxic HRT up to 6 hours 
Aerobic HRT up to10 hours 
Total HRT of up to 16 hours 
Aerobic SRT of 6 to 12 days 
MLSS of 2,000 to 4,000 mg/L (maximum of 4000) 
Nitrate recycle rate of 100% to 300% (300%) 
1, 2 
 
 
 
 
(continued) 
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Table 2.3-2 ( continued) 
TYPICAL DESIGN CRITERIA 
 
UNIT PROCESS TYPICAL DESIGN VALUE REFERENCE 
Bardenpho process 
Primary anoxic HRT up to 6 hours 
Primary aerobic HRT up to 10 hours 
Secondary anoxic HRT up to 4 hours 
Secondary aerobic HRT up to 2 hours 
Total HRT up to 22 hours 
Aerobic SRT of 8 to 16 days 
MLSS of 2,000 to 4,000 mg/L (maximum of 4000) 
Nitrate recycle rate of 100% to 300% (300%) 
1, 2 
Trickling Filters 
Hydraulic loading (gpd/sf) 
- Standard rate 25 – 90 
- Intermediate rate 90-230 
- High rate 230 -900 
Organic loading (lb BOD/day/1,000 cf) 
- Standard rate 5-25 
- Intermediate rate 15-30 
- High rate 25-300 
1 
IFAS Plastic media at a maximum fill volume of 67% 3 
Denitrification Filters Upflow-type – by Degrémont Technologies - Infilco (8-16 gpm/sq ft hydraulic loading rate) 4 
 References 
1. Guides for the Design of Wastewater Treatment Works (TR-16), New England Interstate Water 
Pollution Control Commission,  
2. Wastewater Engineering Treatment and Reuse, Metcalf & Eddy, Fourth Edition 2003  
3. Based on Hydroxyl Media, as sold by Degrémont Technologies – Infilco 
4. Based on equipment manufactured by Degrémont Technologies – Infilco 
 
1. Other Evaluation Parameters.  Other design/evaluation criteria included those for 
secondary clarification, effluent filtration, and the application of other technologies for space 
limited sites.  
 
a. Secondary Clarifiers.  In order to achieve the proposed nitrogen limits within 
the existing site limitations, the mixed liquor suspended solids (MLSS) in the aeration 
tanks often will be higher than the MLSS currently being maintained at each facility.  
The higher concentration will help provide a higher solids retention time in a smaller 
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volume.  The effects of the higher suspended solids concentration must be considered 
in relation to secondary clarifier performance.   
 
Existing clarifiers at each suspended solids activated sludge facility were evaluated 
using a solids flux analysis.  Daigger’s (1995) relationship for unstirred SVI and an 
SVI of 150 were used to determine the Vesilind settling constants.  The overflow rate 
was based on maximum day flow times a safety factor of 1.3.  Maximum-day peaking 
factors were determined if sufficient data for flow was available.  Otherwise, a 
peaking factor of 1.7-1.8 was used for separate collection systems and 2.2-2.5 for 
combined systems.  New clarifiers were added in full-tank increments based on the 
existing tank sizes. 
 
The clarifiers were also compared with the TR-16 recommendation for depth at 
nitrogen removal facilities.  The recommended minimum depth is 13 feet.  For the 
purpose of this study, any clarifiers that were less than 10 feet deep were 
recommended for replacement.  Clarifiers with depths of 10 to 13 feet will require 
further evaluation regarding their ability to perform effectively over the long term 
without being derated.  Clarifier performance is a very important aspect of nitrogen 
removal especially when trying to meet an effluent TN of 5 mg/L.  Careful 
consideration should be given to the performance of the shallow clarifiers when 
facilities are further evaluated.     
 
Trickling filter plants were evaluated based on maintaining an overflow rate of less 
than 1,200 gpd/ft2 at peak hour flow per the TR-16 Guidelines.   
 
b. Denitrification Filters.  There are many types of denitrification filters available 
including both downflow and upflow-type reactors.  For the purpose of this study, the 
upflow denitrification filter by Degrémont Technologies – Infilco was considered.  
The upflow filter can be loaded hydraulically at higher rates than the downflow filters 
and would thus also have the benefit of a smaller footprint which is why the upflow 
filters were selected. 
 
These tanks require backwashing and thus require a clearwell and a backwash water 
tank.  Sizing for each filter package was provided by Degrémont Technologies – 
Infilco based on the BIOFORTM system.  The supplier sizing is such that BIOFOR 
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cells will handle all the hydraulic, ammonia, nitrate, BOD and TSS loads with one 
cell under a backwash cycle.  For the purpose of this study, the assumed bed depth of 
the denitrification cells is 20 ft. 
 
c. Biological Aerated Filters.  For facilities that are 
very space limited or have specialized processes, other 
technologies needed to be considered.  As stated 
previously, biological aerated filters (BAFs) were 
considered for this study rather than membranes.  BAFs 
by Degrémont Technologies – Infilco were sized by the manufacturer on a plant by 
plant basis.  The BIOFORTM BAF is a high-rate, up-flow biological fixed-film 
system.  It employs a dense media that acts as a biological contactor as well as a 
filter, thus secondary clarifiers are not required.   
 
These tanks require backwashing and thus require a clearwell and a backwash water 
tank.  The supplier sizing is such that BIOFOR cells will handle all the hydraulic, 
ammonia, nitrate, BOD and TSS loads with one cell under a backwash cycle.  For the 
purpose of this study, the assumed bed depth of the denitrification cells is 23.5 feet. 
 
E. Modeling.  The potential plant modifications and upgrades were evaluated based on 
modeling and the use of standard design values.  The BioWin Version 3 simulation package by 
EnviroSim was used for modeling.  Within the BioWin software are a series of chemical and 
biological models used to simulate the processes that occur at a wastewater treatment plant.   
 
Modeling and analyses of the biological processes are most effective when secondary influent 
data is used.  This is especially true when plant internal recycle loads (filtrate, supernatant, etc) 
that are typically not measured separately are introduced after influent sampling points.  Recycle 
loads were included in the analysis according to the following: 
 
• When influent sampling included plant recycle loads, plant model was based on 
sampled influent loads (include primary clarifiers in the model if they exist at the 
facility).  TSS removal percentages that closely match calculated removal percentages 
for primary clarifiers were used in the model  
• When primary effluent sampling included recycle loads, plant model was based on 
primary effluent loads so primary clarifiers were not modeled. 
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• When recycle loads were not included in any sampling, sidestreams were modeled. 
 
It was assumed that the percent removal of particulate TKN is the same as the percent removal of 
TSS in the primary treatment process in order to calculate primary effluent TKN loads when 
primary clarifiers were not modeled.   
 
Default BioWin model parameters were used in all instances except where specific data is 
otherwise available to allow these to be adjusted.  One parameter that was adjusted if data was 
available was the Fna parameter (fraction of influent TKN which is ammonia).  The default for 
Fna is 0.75, but this ratio varies from plant to plant.  A COD/BOD5 ratio of 2.0, the default in 
BioWin, was assumed unless otherwise known.  If the COD/BOD ratio is out of the ordinary, it 
is noted in the report.  Although the accuracy of the models could have been improved by 
collecting nitrification and denitrification rate data, this analysis can be very time consuming and 
costly and was not justified for this study.   
 
For modeling purposes, it was assumed that alkalinity was not a limiting factor at the facilities, 
but the alkalinity consumption was factored into the cost analysis (see Section 2.4). 
 
The ideal clarifier model was used in the simulation.  Please refer back to Section 2.3.D for more 
information regarding clarifier evaluation criteria.  
 
All modeling was done based on steady state.  Steady state models were run as follows for the 
following conditions: 
 
 Seasonal:  Minimum monthly temperature and maximum month loading conditions for the 
May-October period over the three year period.  This was modeled to achieve a monthly limit.  
 
 Annual Average:  Minimum monthly temperature and maximum month loading 
conditions over the three year period.  Due to the scope of the project, this permit condition was 
also modeled to achieve a monthly limit which yields a conservative result for the annual 
average condition. 
 
For seasonal limits, the modeling assumed that the plant may lose nitrification when the permit is 
not in effect (i.e. it is assumed that there will be no year-round ammonia limit).  
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In the modeling process, one zone (single tank) was used for each of the following:  first anoxic 
zone, aerobic zone, second anoxic zone, and reaeration zone - unless the arrangement of the 
existing tanks dictated a different approach. 
 
As nitrification is the limiting biological process, an aerobic SRT was determined that will 
achieve adequate nitrification at minimum temperatures.  This was done by using conventional 
hand calculations based on the WERF "Methods of Wastewater Characterization in Activated 
Sludge" 2003 method:   
( )( ) ( )( )1515max max1 −− Θ−Θ⎟⎠⎞⎜⎝⎛ +
=
T
kd
T
d
k
DO
DO
SFSRT
μμ
 
where 
 
 maxμ   = 0.9 (at 15 C) 
 DO = 2.0 
 
maxμΘ  = 1.072 
 dk   = 0.17 (at 15 C) 
 
dk
Θ  = 1.029 
 SF  = 2.5 
 T  = minimum monthly temperature 
 
Once the aerobic SRT was selected, the aerobic basin size was adjusted in full tank increments to 
achieve an MLSS concentration that fell within the design criteria and enabled the increased tank 
volume to fit within the site constraints of each facility.  Anoxic volumes and nitrate recycle 
were adjusted within the design criteria to provide the desired effluent limits.  If the required 
volume was too large to meet site constraints, an IFAS system was added to the aerobic zone in 
order to decrease its size.  The IFAS system enables a higher solids concentration to be carried in 
a smaller volume without negatively impacting clarifier performance. 
 
Plants requiring BAF technology were not modeled in BioWin except to determine the 
requirements for conventional technologies.  
   
F. Special Training and Certification.  The data used in this project did not require any 
formal certification to use or evaluate.  However, the people performing the modeling all 
completed training by EnviroSim on the proper application and use of the BioWin model.  
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G. Verification and Validation Methods.  The modeling results were compared to typical 
design and operating values for each proposed unit process such as in the examples given below.   
 
Table 2.3-3 
ANTICIPATED PERFORMANCE 
 
UNIT PROCESS TYPICAL PERFORMANCE REFERENCE 
SBRs, MLE process Effluent TN of 8 to 10 mg/L 1 
Bardenpho process Effluent TN of 4 to 6 mg/L 1 
SBRs, nitrification only tanks, or MLE 
configuration tanks all with denitrification filters Effluent TN of  4 to 6 mg/L 1, 2 
Trickling filters with denitrification Filters Effluent TN of  4 to 6 mg/L 2 
 References: 
1. Guides for the Design of Wastewater Treatment Works (TR-16), New England Interstate Water 
Pollution Control Commission  
2. Wastewater Engineering: Treatment and Reuse, Metcalf & Eddy, Fourth Edition 2003  
 
H. Reconciliation with Use Requirements.  The proposed alternatives for each facility were 
reviewed at internal quality review meetings to determine if the selected alternatives are 
consistent with current operating practices in the industry. 
 
The following is the evaluation criteria utilized: 
 
1. Can this process be readily constructed at this site? 
2. Does this process achieve the nitrogen removal goals? 
 
2.4 COST ESTIMATING PROCEDURES 
 
A. General Cost Estimating Information.  Conceptual-level cost estimates were developed 
for each of the 21 facilities included in this study.  There are at least four estimates for each 
facility in order to compare costs for meeting the four different permit requirements for nitrogen 
removal.  One additional cost was developed for facilities at which the MLE process was not 
effective at meeting a total nitrogen limit of 8 mg/L.  This cost was estimated to demonstrate the 
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difference in cost between an MLE process and a Bardenpho process since it is not possible to 
rule out MLE as a treatment alternative based on uncalibrated models with limited influent 
nitrogen data.  It was assumed that the MLE would reduce the required volume by the size of the 
second anoxic zone and reaeration zone. 
 
Costs represent an order-of-magnitude cost for the process alternative which met the process 
selection criteria identified in Section 2.3 and the proposed effluent limits at the facility’s 
permitted capacity.  As such, costs presented do not purport to represent the results of detailed 
analyses which compare various alternatives and select the most appropriate and/or most cost-
effective solution.   
 
In addition, the costs represent the incremental costs associated with the nitrogen removal 
facilities.  It is likely that the costs developed herein are lower than actual project costs since the 
scope of this cost estimating effort is limited to improvements directly related to achieving lower 
nitrogen effluent limits.  The actual project costs likely would be higher since the typical design 
life of a wastewater treatment facility is 20 years, and a good number of the facilities evaluated 
have exceeded their original design life without major improvements having been made.  The 
upgrades made for nitrogen removal would likely be coupled with improvements to various other 
unit processes.  Identifying such required improvements was not a part of this scope; they would 
be identified during the planning stages of a plant upgrade project. 
 
Lastly, costs are based on treating the facility’s permitted capacity.  In some cases, the permitted 
capacity exceeds the expected 20-year design flow and as such nitrogen removal could be 
achieved with less tankage. 
 
An Engineering News Record (ENR) construction cost index of 80923 was used as the datum for 
developing construction costs.  The accuracy associated with the cost estimates is considered to 
be +50/-30 percent.   
 
B. Capital Cost Methodology.  The costs are being developed on a site-specific basis and 
include both component costs and non-component costs.  Both are explained in detail as follows. 
 
                                                 
3 Use of the Boston area ENR index would yield slightly higher results since local inflation factors are dampened in 
the national index.  For the purposes of this report, it was decided that the national ENR index was adequate.  
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1. Component Costs.  Each component was handled in a different fashion to come up 
with the most accurate cost estimates within the limits of the study’s scope.  Costs for each 
individual item are totaled to determine the total component cost.  The components that were 
addressed are listed below:    
 
• Aeration Tanks  
• Blowers 
• Clarifiers 
• Intermediate Pump Stations 
• Methanol Storage and Feed Facility 
• Sequencing Batch Reactors 
• Nitrification Filters 
• Denitrification Filters 
• Integrated Fixed Film/Activated Sludge (IFAS) systems 
• Compensatory Storage  
 
Costs for aeration tanks, blowers, clarifiers, intermediate pump stations and methanol storage 
and feed facilities are based on cost estimates from previous projects.  At least two costs for each 
component were brought up to current ENR; these costs include a 20% allowance for contractor 
overhead and profit.  The costs are based on system capacity so intermediate values can be 
extrapolated.  Aeration tank, clarifier, and methanol costs are based on total volume; blower and 
pump station facilities are based on permitted flow of the facility for which they were designed.  
The costs for each component used in the analyses are included in Appendix C.  When the 
volume required for new process units or the permitted flow rate for a facility does not match a 
component capacity exactly, the 0.6 rule4 (shown below) was applied to determine the costs. 
 
 
 
Conceptual design layouts, which would include sizing equipment and details of structural 
modifications, were not developed for this level of a study; therefore, component costs were 
based on combining individual pieces of the design into larger components when possible.  For 
example, two different types of aeration tanks were considered: retrofit and new.  Both costs 
include mixers, diffusers and nitrate recycle pumps in addition to the structural work required.  
                                                 
4 The “0.6 rule” is an approximation of a cost curve.   
B
B
A
A CostCapacity
CapacityCost 6.0)(=
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New tanks include excavation and other site work costs as well.  For the purpose of this study, no 
cost difference is assumed between an MLE and a Bardenpho tank of equal volume.  Clarifier 
costs include concrete and mechanical equipment.  Blowers and intermediate pump station costs 
include equipment as well as structures; while methanol feed facilities include storage and feed 
equipment.   
 
Costs for the sequencing batch reactors, nitrification filters, denitrification filters, and IFAS 
systems were provided on a site-specific basis by suppliers.  Installation costs were then 
estimated, and 20% for contractor overhead and profit was applied to determine the total cost for 
each process unit.  It is assumed that nitrification and denitrification filters are enclosed in a 
masonry structure.  Specific unit costs were assumed in order to complete the cost estimates:  
 
(1) Installed concrete for base slab - $450/cubic yard 
(2) Installed concrete for tank walls - $750/cubic yard 
(3) Sheeting (as required) - $45/square foot 
(4) Excavation (including backfill and hauling) - $25/cubic yard 
(5) Building enclosure cost - $160/square foot 
 
The sequencing batch reactor (SBR) costs were provided by Siemens based on their Omniflo® 
system or Aqua-Aerobic System, Inc. depending upon the existing SBRs at the plant.  The costs 
include diffusers, pumps, mixers, valves, supports, control panel and other ancillary items 
including manufacturer field services.  The nitrification and denitrification filter costs were 
provided by Degrémont Technologies – Infilco.  The costs include media, support gravel, 
underdrain system, air piping, diffusers and blowers (for nitrification filters only), pumps, valves, 
control system and other ancillary items including manufacturer field services.  The IFAS costs 
also were provided by Degrémont and are based on the METEOR® technology by Hydroxyl 
Systems, Inc.  The manufacturer costs include the media, media retention screens, and 
manufacturer field services.  The amount of media required was determined using the BioWin 
models and was provided to the manufacturer for pricing. 
 
For plants located in floodplains, or flood ways, the compensatory storage cost for new wetlands 
is based on a $17 per square foot estimate.  The storage area was determined from the amount of 
open space required to construct the necessary nitrogen removal facilities.  Twenty percent for 
contractor overhead and profit was applied to determine total cost.  All facilities will be located 
within the existing treatment site property lines so no cost for land purchase is included. 
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2. Non-Component Costs.  An allowance was made for miscellaneous non-component 
items which typically cannot be determined until the final design stage of the project.  These 
allowances were used to escalate the project cost, as appropriate, after the component costs for 
each alternative were estimated.  
 
Non-component items include yard piping, electrical, instrumentation and controls, and site work 
(including demolition) as shown in Table 2.4-1.  The non-component costs also include an 
allowance for more difficult soil conditions for which piles would be required or removal of rock 
ledge would be required.  An allowance for retrofit work was also included to adjust for work 
being done on existing sites and the difficulties this can present including maintenance of plant 
operations during construction and construction near existing structures.  The final non-
component allowances include a 40% contingency and a 20% allowance for engineering, which 
includes design and construction services.  Any modifications required that are not in the 
component list are assumed to be covered in the contingency. 
 
Table 2.4-1 
NON-COMPONENT ALLOWANCES 
 
ITEM PERCENTAGE INCREASE 
Foundation Type 10% 
Retrofit Work 15% 
Yard Piping 10% 
Electrical 15% 
Controls and Instrumentation 5% 
Site Work 10% 
Contingency 40% 
Engineering 20% 
 
 
A factored component cost was calculated based on the product of the first six allowances (1.85).  
This factored value was then used to determine the total capital cost with a 40% contingency.  
Total project cost was then calculated using the 20% engineering allowance. 
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C. Present Worth Methodology.  Annual operation costs were estimated for incremental 
increases associated with the nitrogen removal facilities.  The costs considered in this study 
include labor, power, and chemicals.  Annual costs are based on permitted average daily flow.  It 
was assumed for seasonal permit limits that chemical costs for all treatment systems and power 
costs related to denitrification filters only occur over 184 days during the year.  Blower power 
costs associated with nitrification also were assumed to occur only over the 184-day seasonal 
limit.   
 
It was assumed that changing to a different suspended growth activated sludge process (i.e. MLE 
or Bardenpho) would not require any additional operators.  Except as noted, it also was assumed 
that no additional maintenance staff would be needed for any plant larger than 2 mgd or for SBR 
plants.  It was assumed that one additional maintenance person would be required for plants 
smaller than 2 mgd.  It was assumed that the addition of IFAS alone would not require additional 
staff.  If a plant requires add-on attached growth biological filters to achieve denitrification, it is 
assumed that one additional operator is required.  If this occurs at a plant smaller than 2 mgd, it 
is assumed that only a new operator would be hired and no maintenance person would be hired.  
It was assumed no additional new staff was required for the facilities in which the biological 
treatment process is completely changed.  It is assumed that a new operator would work five 
days a week at a salary of $58,000.  A new maintenance person is assumed to work five days a 
week at a salary of $46,000.  These salaries are based on $28/hr for an operator and $22/hr for a 
maintenance person.  The overhead requirement for municipal staff is assumed to be 45% of the 
salary; therefore, the annual cost for a new operator is $84,100 and for a new maintenance person 
the annual cost is $66,700. 
 
The increase in power usage was based on historical power estimates for the first five 
components.  Incremental power increases were then calculated based on the number of aeration 
tanks constructed and/or modified; the number of new clarifiers required; and flow-paced 
estimates for blowers, pump stations and methanol feed facilities.  Power estimates for the SBRs 
and filters were provided by the manufacturers.  Annual power costs were estimated based on the 
average electricity cost for the 21 facilities.  The electricity costs were provided by each facility 
during the data gathering phase of the study.  An average unit cost of $0.12/kwh was used to 
determine the power costs. 
 
Chemical costs include methanol for use as an exogenous carbon source for suspended growth 
systems and for the attached growth denitrification filters.  The cost of methanol fluctuates 
2-19 
greatly on a monthly basis.  A price of $1.80/gallon is used for this study as this was the highest 
it had been when the cost analyses were performed for this study.   
 
Chemical costs also include caustic soda for supplemental alkalinity.  A case-by-case evaluation 
was done for each plant to determine whether or not supplemental alkalinity would have to be 
added in order to maintain an effluent alkalinity of 60 mg/L.  Average influent alkalinity 
concentrations were compared with alkalinity consumed, as predicted by BioWin, to determine if 
caustic soda would be required.  A price of $0.18/dry lb of 50% caustic soda solution was used 
for this study.   
 
The operation costs for the 20-year planning period were analyzed at an interest rate of 4.875% 
to develop present-worth costs.  This discount rate was published in October 2007 by Federal 
Water Resources Planning.  The present worth operation and maintenance costs were summed 
with the capital costs to determine the present worth cost of providing nitrogen removal to the 
proposed limits at each facility. 
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ENGINEERING FEASIBILITY AND COST 
ANALYSES OF NITROGEN REDUCTION FROM 
SELECTED POTWS IN MASSACHUSETTS 
 
 
 
 
SECTION 3 – BLACKSTONE RIVER WATERSHED 
 
3.1 INTRODUCTION 
 
The Blackstone River begins in 
Worcester, Massachusetts at the 
convergence of the Middle River 
and Mill Brook.  It flows 
southward through Rhode Island 
to Narragansett Bay.  This study 
includes seven POTWs that 
discharge directly to the 
Blackstone River.  
 
 
Figure 3.1-1 shows the Blackstone River watershed and the table below lists the seven facilities 
with their respective sizes.  The impact of nitrogen removal at each of these facilities is presented 
in this section. 
 
Table 3.1-1 
BLACKSTONE RIVER POTWs 
 
NAME OF FACILITY PERMITTED CAPACITY 
Upper Blackstone Water Pollution Abatement District 56 mgd 
Grafton 2.4 mgd 
Northbridge 1.8 mgd 
Douglas 0.6 mgd 
Upton 0.4 mgd 
Uxbridge 2.5 mgd 
Hopedale 0.6 mgd 
Photograph from Blackstone River Watershed Association 
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3.2 UPPER BLACKSTONE WATER POLLUTION ABATEMENT DISTRICT 
 
A. Introduction.  The Upper Blackstone Water 
Pollution Abatement District’s (UBWPAD) 
regional wastewater treatment facility is located at 
50 Route 20 in Millbury, MA.  It has a permitted 
annual average capacity of 56 mgd.  The facility 
serves the City of Worcester as well as Auburn, 
Cherry Valley Sewer District, Holden, Millbury, 
Rutland, West Boylston, and portions of Oxford, 
Paxton, Shrewsbury, and Sutton as well as treating septage and sludge from numerous other 
communities. 
 
The original treatment facility was constructed around the 1880s and has been upgraded several 
times since.  Prior to this decade, the current facility was last upgraded in 1976.  The facility is 
now in the construction phase of the second of a four phase, multi-year upgrade.  
 
B. Existing Facilities.   
 
1. Description of Existing Facilities.  Flow enters the facility by both gravity and force 
main.  The raw sewage first passes through preliminary treatment which consists of mechanical 
bar screens and aerated grit chambers.  The flow is then conveyed by gravity through a Parshall 
flume and then to primary treatment.   
 
After primary treatment, the flow is conveyed by 
gravity to the aeration tanks.  The facility 
currently has six existing mechanical aeration 
tanks and is in the process of converting the six 
tanks to three long plug flow tanks and adding a 
fourth tank.  Each tank will be 500 ft long by 84 ft 
wide with a 14.3 ft sidewater depth.  All tanks 
will be in the A2/O process configuration for 
biological nitrogen and phosphorus removal. The 
system also has the flexibility to operate in the 
A/O mode and MLE mode, depending on the season.  The modified tanks will have a sidewater 
Aerial photo from www.google.com 
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depth that varies form 15.9 ft at the anaerobic zone to 14.3 ft in the aerobic zone.  All of the 
aeration tanks will have diffused aeration once the second phase of construction is complete in 
August 2009.  The aeration tanks are followed by six existing and soon to be two additional new 
14.6 ft deep, 140 ft diameter secondary clarifiers. 
 
Secondary effluent flows into the chlorine contact tanks where the flow is disinfected and then 
dechlorinated prior to being discharged to the Blackstone River. 
 
The facility also includes a wet weather discharge to manage peak flows on-site.  Although the 
preliminary and primary treatment facilities are designed to treat a peak hour flow of 160 mgd, 
the advanced treatment system is designed to handle a peak hour flow of 120 mgd and a 
maximum day flow of 80 mgd.  Flow in excess of the advanced treatment flow capacity is 
discharged through the wet weather discharge after being chlorinated and dechlorinated.  The 
blend of the wet weather discharge and the advanced treatment discharge is still expected to meet 
the permit limits under statistically expected storm events. 
  
Waste activated sludge at the facility is thickened in flotation thickeners prior to being combined 
with primary sludge from the primary treatment system.  The combined sludges are then 
dewatered in a belt filter press prior to incineration in multiple hearth furnaces.  A process flow 
schematic is shown in Figure 3.2-1. 
 
FIGURE 3.2-1: PROCESS FLOW SCHEMATIC – EXISTING FACILITY 
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The UBWPAD accepts septage from its member communities as well as from other 
communities.  The septage receiving facilities discharge septage prior to the preliminary 
treatment process.  The facility also accepts sludge from a number of communities.  Sludge from 
outside the facility is mixed with facility sludge in the sludge holding tanks prior to being 
dewatered.  In addition, the UBWPAD receives flows from the City of Worcester, which has 
combined sewers. 
 
The facility has three samplers – one located downstream of preliminary treatment, one located 
downstream of the primary effluent, and one located at the plant effluent.  
 
The UBWPAD has typically operated with four of the six existing aeration tanks and four of the 
secondary clarifiers (the south battery) in operation and used the north battery to manage high 
flows.     
 
The plant has 53 full and part-time employees.  This crew does not serve any collection systems 
or off site pumping stations.  
 
Design flows and loads for the current upgrade (from the Contract Documents for the Phase II 
upgrade) are shown below in Table 3.2-1. 
 
Table 3.2-1 
DESIGN INFLUENT FLOW AND CONCENTRATIONS 
 
PARAMETER VALUE 
Average Annual (design flow) 45 mgd 
BOD 191 mg/L 
TSS 196 mg/L 
TKN 24 mg/L 
TP 4.3 mg/L 
 
2. Summary of Plant Data.  Data from January 2004 through December 2006 was 
provided by the District for this study.  A summary of the monthly data is shown in Table 3.2-2.  
Seasonal and annual average maximum month data are summarized in the table. 
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Table 3.2-2 
UPPER BLACKSTONE WPAD 
Millbury, Massachusetts 
Monthly Averages 2003-2006 
 
  
GENERAL INFLUENT EFFLUENT 
DATE INF PH BOD TSS TVSS TKN TEMP DO AMMONIA NITROGEN 
NO2/   
NO3 DO BOD CBOD TSS TVSS 
NO2 + 
NO3 TKN TN 
AMMONIA 
NITROGEN ALKALINITY 
OUTFALL 
TEMP 
Month Year MGD  mg/L mg/L mg/L mg/L Deg F mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L Deg C 
January 2004 36.7 7.1 197 155 137 0 52 3.2 14.7 0.7 8.9 13.7 10.2 9.0 8.0 2.7   10.1 118.1 50 
February 2004 31.3 7.2 215 203 178 0 52 3.0 19.5 0.6 8.8 14.6 10.7 9.1 7.9 3.3   12.1 86.8 51 
March 2004 34.7 7.1 186 210 184 0 52 5.4 15.2 0.4 8.4 10.9 6.3 7.9 6.7 2.2   7.6 64.1 53 
April 2004 61.0 7.0 102 112 94 0 52 7.0 7.2 1.0 8.0 16.4 12.4 13.5 10.6 1.0   5.6 70.9 52 
May 2004 40.9 7.0 147 152 128 0 59 4.1 11.6 0.6 7.8 9.2 7.1 8.8 7.3 1.5   8.7 66.9 61 
June 2004 29.7 7.0 212 184 159 0 64 2.7 16.1 0.8 7.5 7.5 3.8 7.3 6.3 1.9   6.7 58.5 67 
July 2004 28.5 6.8 203 180 153 22 68 1.0 15.6 0.4 7.3 8.3 4.2 9.9 8.6 4.5   2.1 42.5 72 
August 2004 27.6 6.9 199 194 163 22 70 2.0 13.9 0.1 7.2 6.8 4.6 8.4 7.3 4.2   1.8 47.0 73 
September 2004 33.4 6.9 192 172 151 23 69 2.9 13.7 0.6 7.3 5.6 4.4 5.4 4.8 3.8   0.9 44.2 71 
October 2004 33.9 7.2 180 168 148 21 65 3.2 13.4 1.0 7.8 6.2 3.7 5.8 5.2 5.0   1.2 52.8 65 
November 2004 33.9 7.2 190 186 159 26 61 3.5 15.6 0.7 8.4 14.1 8.7 12.6 10.4 5.8   3.0 45.6 60 
December 2004 46.3 7.1 148 131 113 17 55 5.6 11.5 1.0 8.6 10.9 7.3 9.0 11.5 3.2   6.9 66.6 54 
January 2005 46.7 7.1 142 120 109 19 51 6.9 13.1 1.2 9.1 10.0 7.9 8.0 6.8 1.4   10.8 107.5 51 
February 2005 43.8 7.1 158 133 118 18 50 6.9 11.3 1.0 8.9 8.9 7.1 7.4 6.3 1.6   8.9 79.8 49 
March 2005 44.8 7.0 154 124 108 19 50 5.2 12.1 1.0 8.8 13.2 7.0 8.7 9.2 1.4   9.3 76.9 50 
April 2005 57.8 6.9 122 107 88 15 53 6.4 7.7 2.0 7.9 12.8 9.9 8.1 6.7 1.7   6.3 64.9 53 
May 2005 45.4 7.0 128 132 116 17 56 4.7 11.8 1.0 7.7 10.0 7.0 7.8 6.6 1.7   7.8 70.3 58 
June 2005 34.9 7.0 186 184 156 22 62 3.2 13.7 0.4 7.6 7.9 5.4 8.5 6.9 1.4   9.7 87.7 66 
July 2005 34.0 7.1 179 167 142 21 67 3.1 12.8 0.5 7.4 6.3 4.0 7.0 5.9 2.8   2.6 52.3 70 
August 2005 27.4 7.0 220 203 170 26 71 1.6 20.7 0.0 7.3 4.6 3.0 4.3 3.8 4.3   1.8 50.2 74 
September 2005 27.8 7.0 230 218 186 27 71 1.5 21.2 0.8 7.3 7.6 5.1 8.9 7.7 7.8   7.2 63.8 73 
October 2005 62.3 7.0 140 129 104 19 64 4.4 12.0 0.8 7.0 10.8 7.9 8.0 6.6 6.0   2.5 49.9 65 
November 2005 47.3 7.0 152 152 124 18 60 2.9 14.8 0.0 7.8 12.3 7.5 9.9 8.5 4.2   3.6 49.6 59 
December 2005 46.9 7.1 134 123 108 17 55 4.7 13.6 0.3 8.3 11.6 6.5 7.9 6.8 4.2   4.6 47.0 53 
January 2006 56.8 7.1 111 93 80 14 52 6.0 11.1 1.0 8.4 13.5 8.3 10.6 8.6 2.4   6.2 59.7 51 
February 2006 52.3 7.1 118 92 73 14 51 6.4 12.8 1.6 8.9 10.3 7.7 7.9 6.2 1.9   8.4 73.8 50 
March 2006 26.6 7.2 185 150 131 24 53 5.4 19.2 0.5 9.2 8.2 4.5 6.0 5.4 0.5   13.7 104.1 54 
April 2006 25.7 7.2 188 158 136 27 56 4.6 17.5 0.3 8.8 10.2 5.1 8.1 6.7 2.0   7.8 74.0 58 
May 2006 40.5 7.0 143 125 103 17 58 4.5 9.8 1.3 7.4 17.3 12.2 11.6 9.7 2.9   2.8 52.9 59 
June 2006 45.7 6.9 107 131 105 17 61 4.5 7.8 0.5 7.2 12.9 10.1 11.0 8.5 3.4   2.1 52.3 63 
July 2006 27.7 6.8 163 168 139 21 67 3.2 12.7 0.2 7.3 5.9 3.2 6.6 5.6 6.6 3.0 9.6 1.6 43.5 71 
August 2006 24.5 6.9 193 174 149 24 71 3.4 16.5 0.4 7.1 7.2 3.8 7.2 6.2 6.0 9.3 15.3 7.4 80.8 74 
September 2006 23.2 6.9 203 181 157 26 69 2.7 17.0 0.8 7.3 7.1 2.9 5.6 4.8 7.8 6.4 14.2 5.0 65.6 70 
October 2006 26.0 6.9 190 170 147 28 65 2.5 17.4 0.5 7.6 8.8 4.1 5.8 5.0 2.6 6.5 9.1 4.1 52.5 65 
November 2006 40.4 6.9 114 118 101 17 60 3.6 11.0 0.3 7.4 9.6 4.7 6.1 4.7 1.4 6.2 7.6 4.5 58.3 60 
December 2006 30.4 7.0 164 147 130 22 58 4.2 15.0 0.9 8.0 11.9 4.1 6.0 5.2 4.3 5.9 10.2 5.9 65.6 58 
Min. Month  23.2 6.8 102 92 73 0 50 1.0 7.2 0.0 7.0 4.6 2.9 4.3 3.8 0.5   0.9 42.5 49 
Seasonal 
Average  34.1 7.0 179 168 143 19 65 3.1 14.3 0.6 7.4 8.3 5.3 7.7 6.5 4.1   4.2 57.4 68 
Average  38.2 7.0 167 154 132 17 60 4.1 13.9 0.7 7.9 10.1 6.4 8.2 7.0 3.3 6.2 11.0 5.9 65.2 61 
Max. Month  62.3 7.2 230 218 186 28 71 7.0 21.2 2.0 9.2 17.3 12.4 13.5 11.5 7.8   13.7 118.1 74 
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With a current average annual flow of 38.2 mgd and a permitted capacity of 56 mgd, this facility 
is operating at approximately 68% of its permitted capacity. 
 
Based on the average BOD concentration of 167 mg/L and TN concentration of 21 mg/L, this 
wastewater has a BOD concentration that is between weak and medium strength wastewater, but 
a TN concentration that is clearly weak.  Thus, the TN/BOD ratio is 0.13 which is low (a more 
typical TN/BOD ratio is 0.18). 
 
3. Permit Requirements and Current Performance.  The current permit for this 
facility was signed on December 19, 2001.  Monthly permit limits that are relevant to this study 
are shown below in Table 3.2-3.  It should be noted that interim permit limits that are less 
stringent than the limits presented below were established in the 2001 permit.  The limits below 
do not become effective until the completion of the Phase II wastewater treatment facility 
improvements which is scheduled for August 2009. 
 
Table 3.2-3 
SELECT MONTHLY PERMIT LIMITS 
 
PARAMETER LIMIT 
CBOD5 
     November – April 
     June – October 
     May 
 
25 mg/L (11,676 lb/d) 
4,670 lb/d 
9,341 lb/d 
TSS 
     November – April 
     June – October 
     May 
 
14,011 lb/d 
15 mg/L (7,006 lb/d) 
9,341 lb/d 
Ammonia-Nitrogen 
     December – April 
     May 
     June – October 
     November 
 
12 mg/L (5,600 lbs/d) 
5 mg/L (2,330 lbs/d) 
2 mg/L (934 lbs/d) 
10 mg/L (4,670 lbs/d) 
Phosphorus (seasonal) 0.75 mg/L 
 
The facility appears to generally be in conformance with the BOD and TSS limits and is 
currently undergoing an upgrade to allow it to better meet the ammonia and phosphorus limits.  
Since the upgraded facility will have the ability to operate in the A2/O mode and the MLE mode, 
a monthly total nitrogen limit of between 8 and 10 mg/L is expected to be achieved under the 
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design year flow of 45 mgd.  An average annual limit of 8 mg/L is expected to be able to be 
achieved with this upgrade. 
 
4. Nitrogen Removal Performance.  This facility collects a wide range of both influent 
and effluent nitrogen data as can be seen in Table 3.2-2.  It has nitrified to varying degrees over 
the study period and will not have the ability to denitrify until the Phase II wastewater treatment 
facility improvements are complete in August 2009.   
 
C. Nitrogen Removal Alternatives.  The loading criteria that was used for this plant includes 
the flows and loads shown in Table 3.2-4 below.  Because there is an active upgrade for nitrogen 
removal occurring at this site, the table below reflects the influent concentrations developed for 
this upgrade.  Temperature data is from actual plant data over the past three years. 
   
Table 3.2-4 
MODEL INPUT PARAMETERS AT PERMITTED CAPACITY 
 
PERMIT CONDITION PARAMETER VALUE 
Flow, mgd 56 
BOD, mg/L 219 
TSS, mg/L 243 
TN, mg/L 31 
Annual Average 
Temperature, F 50 
Flow, mgd 56 
BOD, mg/L 219 
TSS, mg/L 243 
TN, mg/L 31 
Seasonal  
Temperature, F 56 
  
The model input data was used to run uncalibrated simulations to determine planning level, 
order-of-magnitude costs for implementing different levels of nitrogen reduction at the facility.  
A discussion of operational changes or minor modifications that can be made to the facility to 
improve current nitrogen reduction performance as well as a presentation of the simulation 
results are presented in the following sections.   
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It should be noted that the plant is currently being upgraded to accommodate a seasonal 
phosphorus limit that will be achieved through the use of the anaerobic zone in the new A2/O 
process.  This anaerobic zone is available for use as an anoxic zone when the phosphorus limits 
are not in effect.  This study assumed that the anaerobic zone will continue to be used seasonally. 
 
Plant recycles were accounted for through the modeling process.  An estimate for sludge 
accepted from other communities was included in the model. 
 
In addition, it should also be noted that the area located north of the aeration tank currently under 
construction, designated for the future fifth and sixth aeration tanks, has been determined to 
contain hazardous waste.  Cost for remediation of this waste has been estimated to cost 
$4,000,000 and been included in the construction cost estimate for these tanks.  Because of other 
site constraints it is assumed that the maximum number of aeration tanks for this site is six.  
 
These evaluations were all conducted based on the assumption that the advanced treatment 
facilities at the UBWPAD would treat a flow of 100 mgd based on applying a ratio consisting of 
the permitted flow of 56 mgd to the current design flow of 45 mgd and multiplying that by the 
current max month flow of 80 mgd.  Thus, all new facilities were based on treating flows up to 
100 mgd.  These upgrades do not consider the terms of the current draft permit which require the 
facility to achieve its proposed nitrogen limits at the peak flow of the facility.  Further, it was not 
within the scope of this study, but any further analyses of this facility would need to consider the 
high flow bypass and its impact on recommended upgrades.  For the purpose of this study, peak 
flow event were not considered.  
 
It should be noted that due to the size and operating hours of this facility, additional operators 
were added with each new process. 
 
1. Minor Modifications/Retrofits.  Because there is an active upgrade occurring at this 
facility that will allow the facility to achieve a seasonal effluent TN of 8-10 mg/L at the design 
year average annual flow of 45 mgd, there are no other minor modifications or retrofits that 
could occur to allow the facility to reduce total nitrogen in the effluent. 
 
2. Modifications Required to Meet TN of 8 mg/L.  The modifications to the facility 
that are required to meet an effluent TN of 8 mg/L at the permitted design flow of 56 mgd on a 
seasonal and annual average basis are as follows.   
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a. Seasonal.  At the estimated future TN load at this facility, an MLE process can be 
used to achieve a seasonal average TN of 8 mg/L.  The A2/O process can also be used to 
achieve a seasonal average TN of 8 mg/L.  In order to maintain the anaerobic (and thus the 
A2/O process), IFAS would be required in the aerobic zone.  The BioWin model for the 
A2/O process is shown in Figure 3.2-2 below.  
 
 
 
 
 
 
 
 
 
FIGURE 3.2-2:  NITROGEN REMOVAL PROCESSES - SEASONAL LIMIT OF 8 mg/L 
 
The MLE process will require a total of two additional tanks.  Each of the new tanks will 
be the same size as the four (three existing and one new) aeration tanks. 
 
In addition to the two new aeration tanks and in accordance with Section 2, it is also 
anticipated that the facility will require two additional secondary clarifiers (in addition to 
the existing eight) to operate at the future flow and loading condition.  This assumes that 
the total flow through advanced treatment is 100 mgd (56 mgd/45 mgd * 80 mgd), and the 
balance of flow is discharged through the advanced treatment bypass.  The site has 
adequate space for the additional clarifiers.   
 
As shown in the site plan in Figure 3.2-3, the site has enough space for the additional 
aeration tanks and clarifiers.  Specific information regarding the results of this analysis is 
shown in Table 3.2-5 below. 
 
 
 
(continued) 
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Table 3.2-5 
RESULTS FOR SEASONAL LIMIT OF 8 mg/L TN 
 
PARAMETER VALUE 
Aerobic SRT 6.3 days 
Total SRT 12 days 
First Anoxic Fraction 30% 
Total Anoxic Fraction 30% 
Reaeration HRT n/a 
RAS Rate 100% 
Total Volume 27.65 MG 
Nitrate Recycle Rate 300% 
Max MLSS at Loading rate 4200 mg/L 
Effluent TN 8 mg/L 
Methanol Addition No 
Fixed Film Required? Yes, 40% fill 
Clarifiers? Reuse existing and add two new ones 
Effluent Filtration Required? No 
Note:  The anaerobic fraction for the A2/O process is 18% 
 
Also, the inclusion of IFAS in the activated sludge system may necessitate an upgrade to 
the influent screening system.  Other plant modifications may be needed including 
upgrades to sludge handling processes.  However, all facilities outside of the activated 
sludge process are outside of the scope of this study.  
 
b. Annual Average.  At the estimated future TN load at this facility, an MLE process 
can be used to achieve an annual average TN of 8 mg/L.  The A2/O process can also be 
used to achieve an average annual TN of 8 mg/L.  In order to maintain the anaerobic zone 
in the warmer months (and thus the A2/O process) IFAS would be required in the aerobic 
zone.  The BioWin model for this process is shown in Figure 3.2-4 below.  
 
 
 
 
 
(continued) 
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FIGURE 3.2-4: 
NITROGEN REMOVAL PROCESSES – ANNUAL AVERAGE LIMIT OF 8 mg/L 
 
Similar to the seasonal option, the MLE process will require a total of two additional tanks.  
Each of the new tanks will be the same size as the four (three existing and one new) 
aeration tanks.   
 
In addition to the two new aeration tanks and in accordance with Section 2, it is also 
anticipated that the facility will require two additional secondary clarifiers (in addition to 
the existing eight) to operate at the future flow and loading condition.  This assumes that 
the total flow through advanced treatment is 100 mgd (56 mgd/45 mgd * 80 mgd), and the 
balance of flow is discharged through the advanced treatment bypass.  The site has 
adequate space for the additional clarifiers.   
 
As shown in the site plan in Figure 3.2-3, the site appears to have enough space for the 
additional aeration tanks and clarifiers.  Specific information regarding the results of this 
analysis is shown in Table 3.2-6 as follows. 
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Table 3.2-6 
RESULTS FOR ANNUAL AVERAGE LIMIT OF 8 mg/L TN 
 
PARAMETER VALUE 
Aerobic SRT 8 days 
Total SRT 12 days 
First Anoxic Fraction 32% 
Total Anoxic Fraction 32% 
Reaeration HRT n/a 
RAS Rate 100% 
Total Volume 27.65 MG 
Nitrate Recycle Rate 300% 
Max MLSS at Loading Rate 4000 mg/L 
Effluent TN 8 mg/L 
Methanol Addition No 
Fixed Film Required? Yes, 40% fill 
Clarifiers? Reuse existing and add two new ones 
Effluent Filtration Required? No 
 
Also, the inclusion of IFAS in the activated sludge system may necessitate an upgrade to 
the influent screening system.  Other plant modifications may be needed including 
upgrades to sludge handling processes.  However, all facilities outside of the activated 
sludge process are outside of the scope of this study.  
 
3. Modifications Required to Meet a TN of 5.  The modifications to the facility that 
are required to meet an effluent TN of 5 mg/L on a seasonal and annual average basis are as 
follows. 
 
a. Seasonal.  At the estimated future TN load, this facility will require the MLE or A2/O 
process described above and a denitrification filter to trim the nitrates to achieve a seasonal 
average TN of 5 mg/L.  As indicated above, the MLE or A2/O process both require six 
aeration tanks, the maximum number that can fit on the site, all with IFAS in the aerobic 
zone.  The nitrogen removal processes are shown in Figure 3.2-5 below.  
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FIGURE 3.2-5:  NITROGEN REMOVAL PROCESSES – SEASONAL LIMIT OF 5 mg/L 
 
Similar to the options for achieving a TN of 8 mg/L, the MLE/ A2/O process will require a 
total of two additional tanks – each the same size as the four (three existing and one new) 
aeration tanks.  In addition, the process will require a denitrification filter to further trim the 
nitrates.  The denitrification filter complex would have an approximate footprint of 14,500 
square feet with eight cells that are approximately 30 ft by 25 ft each.   
 
In addition to the two new aeration tanks and in accordance with Section 2, it is also 
anticipated that the facility will require two additional secondary clarifiers (in addition to 
the existing eight) to operate at the future flow and loading condition.  This assumes that 
the total flow through advanced treatment is 100 mgd (56 mgd/45 mgd * 80 mgd), and the 
balance of flow is discharged through the advanced treatment bypass.  The site has 
adequate space for the additional clarifiers.   
 
As shown in the site plan in Figure 3.2-6, the site appears to have enough space for the 
additional aeration tanks, clarifiers and denitrification filter complex.  Specific information 
regarding the results of this analysis is shown in Table 3.2-7 below. 
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Table 3.2-7 
FOR SEASONAL LIMIT OF 5 mg/L TN 
 
PARAMETER VALUE 
Aerobic SRT 6.3 days 
Total SRT 12 days 
First Anoxic Fraction 30% 
Total Anoxic Fraction 30% 
Reaeration HRT n/a 
RAS Rate 100% 
Total Volume 27.65 MG 
Nitrate Recycle Rate 300% 
Max MLSS at Loading Rate 4200 mg/L 
Effluent TN 5 mg/L 
Methanol Addition Yes, in denitrification filter 
Fixed Film Required? Yes, 40% fill 
Clarifiers? Reuse existing and add two new ones 
Effluent Filtration Required? Yes, denitrification filter 
 
Also, the inclusion of IFAS in the activated sludge system may necessitate an upgrade to 
the influent screening system.  Other plant modifications may be needed including 
upgrades to sludge handling processes.  However, all facilities outside of the activated 
sludge process are outside of the scope of this study.  
 
b. Annual Average.  At the estimated future TN load, this facility will require the MLE 
or A2/O process described above and a denitrification filter to trim the nitrates to achieve an 
annual average TN of 5 mg/L.  As indicated above, the MLE or A2/O processes both 
require six aeration tanks all with IFAS in the aerobic zone.  The nitrogen removal 
processes are shown in Figure 3.2-7 below.  
 
 
 
 
 
 
(continued) 
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FIGURE 3.2-7:  NITROGEN REMOVAL PROCESSES – ANNUAL AVERAGE  
LIMIT OF 5 mg/L 
 
Similar to the options for achieving a TN of 8 mg/L, the MLE/ A2/O  process will require a 
total of two additional tanks – each the same size as the four (three existing and one new) 
aeration tanks.  In addition, the process will require a denitrification filter to further trim the 
nitrates.  The denitrification filter complex would have an approximate footprint of 14,500 
square feet with eight cells that are approximately 30 ft by 25 ft each.   
 
In addition to the two new aeration tanks and in accordance with Section 2, it is also 
anticipated that the facility will require two additional secondary clarifiers (in addition to 
the existing eight) to operate at the future flow and loading condition.  This assumes that 
the total flow through advanced treatment is 100 mgd (56 mgd/45 mgd * 80 mgd), and the 
balance of flow is discharged through the advanced treatment bypass.  The site has 
adequate space for the additional clarifiers.   
 
As shown in the site plan in Figure 3.2-6, the site appears to have enough space for the 
additional aeration tanks, clarifiers and denitrification filter.  Specific information 
regarding the results of this analysis is shown in Table 3.2-8 as follows. 
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Table 3.2-8 
RESULTS FOR ANNUAL AVERAGE LIMIT OF 5 mg/L TN 
 
PARAMETER VALUE 
Aerobic SRT 6.3 days 
Total SRT 12 days 
First Anoxic Fraction 32% 
Total Anoxic Fraction 32% 
Reaeration HRT n/a 
RAS Rate 100% 
Total Volume 27.65 MG 
Nitrate Recycle Rate 300% 
Max MLSS at Loading Rate 4000 mg/L 
Effluent TN 5 mg/L 
Methanol Addition Yes, in denitrification filter 
Fixed Film Required? Yes, 40% fill 
Clarifiers? Reuse existing and add two new ones 
Effluent Filtration Required? Yes, denitrification filter 
 
Also, the inclusion of IFAS in the activated sludge system may necessitate an upgrade to 
the influent screening system.  Other plant modifications may be needed including 
upgrades to sludge handling processes.  However, all facilities outside of the activated 
sludge process are outside of the scope of this study.  
 
4. Modifications Required at Reduced Design Flow.  The Upper Blackstone Facility 
is the only one in this study that is undergoing a nitrogen removal upgrade at a reduced design 
flow of 45 mgd (instead of the permitted capacity of 56 mgd).  Because this design flow differs 
from the permitted capacity, a limited evaluation of this facility was conducted to determine 
what upgrades would be required to achieve an average annual effluent TN limit of 5 mg/L. 
 
In order to achieve an effluent TN limit of 5 mg/L and based on the assumptions in this 
report, the facility would require one additional aeration tank, IFAS in each of the five aeration 
tanks and at least one additional clarifier (for proper flow splitting a second clarifier may also 
need to be added).  
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D. Plant and Cost Summary. 
 
Table 3.2-9 presents flow data for the Upper Blackstone Water Pollution Abatement District as 
well as the current nitrogen removal performance of the plant.   
 
Table 3.2-9 
PLANT FLOW AND EFFLUENT LIMIT SUMMARY 
 
PARAMETER VALUE 
Permitted Flow (mgd) 56 
Existing Flow (2004-6) 38.2 
% of existing capacity 68 
Current average seasonal effluent TN (mg/L) 1 9.8 
Current average annual effluent TN (mg/L) 1 10.7 
Permit Limits 
     Seasonal Nitrification (mg/L) 
     Year-round  nitrification (mg/L) 
     Seasonal TN Limit 
     Annual TN Limit 
 
Yes (2-5) 
Yes (2-12) 
No 
No 
  1.  TKN is assumed to be 1.5 mg/L 
 
Table 3.2-10 presents the nitrogen removal processes identified in this section to achieve the four 
different permit conditions considered.  Based on the loading conditions established for this 
facility and the subsequent BioWin modeling performed using this data, the facility 
improvements include adding two additional aeration tanks, adding IFAS to the aerobic zones of 
all tanks, one clarifier and, to achieve 5 mg/L TN, a denitrification filter.  It should be noted that 
for all permit conditions, it was assumed that the anaerobic zone would remain in use for 
seasonal phosphorus removal.  If the anaerobic volume were not required for phosphorus 
removal, IFAS would not be required in the tanks.   
 
Table 3.2-10 
NITROGEN REMOVAL PROCESS SUMMARY FOR UBWPAD  
 
MINOR/ 
MODIFICATIONS OR 
RETROFITS 
PROCESS TO 
ACHIEVE 
SEASONAL  
TN OF 8 MG/L 
PROCESS TO 
ACHIEVE ANNUAL 
AVERAGE  
TN OF 8 MG/L 
PROCESS TO 
ACHIEVE SEASONAL  
 TN OF 5 MG/L 
PROCESS TO 
ACHIEVE ANNUAL 
AVERAGE  
TN OF   5 MG/L 
Undergoing an 
upgrade for 
Nitrogen Removal 
A2/O A2/O A
2/O and a 
denitrification filter  
A2/O and a 
denitrification 
filter 
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The modifications required at the UBWPAD to convert to a new nitrogen removal process are 
summarized in Table 3.2-11.   
 
Table 3.2-11 
REQUIRED MODIFICATIONS SUMMARY FOR THE UBWPAD AT 56 MGD 
 
MODIFICATIONS TO 
ACHIEVE SEASONAL  
TN OF 8 MG/L 
MODIFICATIONS TO 
ACHIEVE ANNUAL 
AVERAGE 
TN OF 8 MG/L 
MODIFICATIONS TO 
ACHIEVE SEASONAL  
TN OF 5 MG/L 
MODIFICATIONS TO 
ACHIEVE ANNUAL 
AVERAGE  
TN OF 5 MG/L 
SPECIAL 
CONDITIONS 
2 new aeration tanks 
with IFAS and two 
new clarifiers 
2 new aeration tanks 
with IFAS and two 
new clarifiers 
2 new aeration tanks 
with IFAS, two  new 
clarifiers and a 
denitrification filter 
2 new aeration tanks 
with IFAS, two new 
clarifiers and a 
denitrification filter 
Hazardous waste 
on site 
1.  At 45 mgd and an annual average TN of 5 mg/L, the modifications would consist of one new aeration tank, IFAS 
in all tanks and at least one new clarifier.    
  
The cost estimating procedures established in Section 2 were used to estimate capital, annual 
O&M, and 20-year present worth costs associated with the process changes and facility 
modifications summarized above.  The cost estimates are included in Table 3.2-12.  
 
Table 3.2-12 
COST SUMMARY FOR NITROGEN REMOVAL AT THE UBWPAD1 AT 56 MGD 
 
LIMIT CAPITAL COSTS (IN MILLIONS) 
TOTAL ANNUAL 
COSTS2 
(IN THOUSANDS) 
20-YR PRESENT 
WORTH 
(IN MILLIONS) 
Minor Modifications/Retrofits None n/a n/a 
Seasonal Effluent TN of 8 mg/L $130 $800 $140 
Annual Average Effluent TN of 8 mg/L $130 $1,100 $150 
Seasonal Effluent TN of 5 mg/L $180 $1,700 $200 
Annual Average Effluent TN of 5 mg/L3 $180 $2,400 $210 
 
1. It should be noted that these costs represent one method by which this facility can achieve the stated TN 
goals.  It is not intended to be the most cost effective method nor the recommended method, but it 
represents a planning tool for MassDEP to estimate the fiscal impacts of establishing total nitrogen limits.    
2. Represents incremental increase over current conditions. 
3.   For comparison, at a design flow of 45 mgd, the capital cost for this alternative is estimated to be $90 
million. 
 
 
3-19 
3.3 GRAFTON 
 
A. Introduction.  The Grafton Wastewater 
Treatment Plant (WWTP) is located at 9 Depot 
Street in South Grafton, MA.  It has a permitted 
annual average capacity of 2.4 mgd and serves the 
Town of Grafton and one building in Shrewsbury.  
Septage is accepted from Northborough, 
Westborough and Grafton.   
 
The facility was originally constructed in 1979 as a secondary treatment facility.  The major 
change that has occurred on the site since it was constructed is the sludge processing facilities are 
no longer used.  Prior to 1979, the site had three sewage lagoons.  
 
B. Existing Facilities.   
 
1. Description of Existing Facilities.  
All flow is pumped to the Grafton WWTP.  
This flow first passes through mechanical bar 
screens.  The flow is then conveyed by gravity 
to the aerated grit chambers.  Ferric chloride is 
added prior to the bar screens for phosphorus 
removal. 
 
 
After grit removal, flow is conveyed by gravity 
to the clarithickeners where a combined primary and waste activated sludge settles.  Primary 
effluent is then conveyed by gravity to the aeration tanks.   
 
The facility has two aeration tanks.  Each tank is 80 ft long by 40 ft wide with a 14 ft sidewater 
depth.  The aeration tanks have mechanical aerators.  The aeration tanks are followed by two 12 
ft deep, 55 ft diameter secondary clarifiers. 
 
Aerial photo taken from www.google.com
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Secondary effluent flows into the chlorine contact tanks each of which is located as a concentric 
tank around the clarifier.  After disinfection, the plant flow is discharged to the Blackstone River.  
Sludge is hauled off site for disposal.  A process flow schematic is shown in Figure 3.3-1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
FIGURE 3.3-1: PROCESS FLOW SCHEMATIC – EXISTING FACILITY 
 
All plant recycle flows are conveyed to an onsite pump station where they are then introduced 
into the plant influent prior to sampling.  The effluent sampler is located after disinfection. 
 
For the past two years, both aeration tanks have been online at the request of EPA.  Prior to then, 
only one aeration tank was operational. 
 
There are five employees at the facility plus a summer laborer.  This group serves the plant, 
pump stations and collection system. 
     
Design flows and loads for the most recent upgrade were not made available. 
 
2. Summary of Plant Data.  Data from January 2004 through December 2006 was 
provided by the Town for this study.  A summary of the monthly data is shown in Table 3.3-1.  
Seasonal and annual average maximum month data are summarized in the table. 
 
Combined 
Primary Sludge 
and WAS 
Preliminary 
Treatment – 
Bar Screens, 
Grit Removal 
Ferric 
Chloride  
Clarithickener Aeration 
Tank 
Secondary 
Clarifier 
RAS 
Chlorine 
Contact Tank  
WAS 
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Table 3.3-1 
GRAFTON WWTP 
Grafton, Massachusetts 
Monthly Averages 2004-2006 
 
GENERAL INFLUENT EFFLUENT 
DATE INF PH BOD TSS TEMP DO BOD TSS FECAL NO2 + NO3 NH3 
MONTH YEAR MGD  MG/L MG/L DEG F MG/L MG/L MG/L COLI. MG/L MG/L 
January 2004 1.80 6.8 210 144 51 8.2 12 10    
February 2004 1.54 6.8 256 201 50 8.3 13 8  3.3 15.06 
March 2004 1.66 7.0 330 277 50 8.1 10 6  2.6 14.50 
April 2004 2.90 6.9 224 265 49 8.4 8 6 45 1.8 7.88 
May 2004 2.08 7.0 235 277 54 7.9 9 7 48 3.0 10.00 
June 2004 1.61 7.1 235 367 57 7.2 5 5 42 9.8 4.90 
July 2004 1.35 6.9 243 313 60 7.2 9 6 36 10.0 3.03 
August 2004 1.39 6.9 217 282 62 6.5 17 19 40 7.9 5.03 
September 2004 1.53 6.8 190 296 63 6.8 11 10 6 9.7 4.16 
October 2004 1.68 6.9 192 341 62 7.5 6 8 4 9.1 5.03 
November 2004 1.62 7.2 351 362 59 7.6 11 4  9.3 7.50 
December 2004 2.23 7.1 244 222 55 8.0 22 8  6.6 5.93 
January 2005 2.66 7.0 255 201 51 8.6 16 8  2.8 12.95 
February 2005 2.26 7.1 224 230 49 9.2 13 5  2.6 13.05 
March 2005 2.18 7.1 270 228 48 8.9 12 5  2.1 9.64 
April 2005 2.88 7.0   50 9.1    1.8 9.90 
May 2005 2.27 6.9 236 204 53 8.2 9 5 16 1.1 9.70 
June 2005 1.84 6.7 196 261 57 7.6 7 5 6 7.8 4.56 
July 2005 1.59 6.8 149 322 60 6.8 5 6 12 11.9 4.95 
August 2005 1.38 6.8 170 340 63 6.8 10 9 36 8.4 3.75 
September 2005 1.41 6.9 248 368 64 6.7 6 8 11 16.4 2.30 
October 2005 2.83 6.8 152 280 61 7.6 6 4 49 8.0 2.50 
November 2005 2.50 7.0 278 269  8.0 15 4  13.4 5.80 
December 2005 2.41 7.0 213 192 54 8.3 13 3  8.9 5.03 
January 2006 2.81 7.1 202 159 51 8.9 15 5  1.1 6.40 
February 2006 3.36 7.1 193 176 50 9.5 11 4  0.9 7.58 
March 2006 1.83 7.1 229 304 50 9.3 6 7  0.5 11.48 
April 2006 1.71 7.1 248 386 52 8.7 10 7 8 0.5 10.78 
May 2006 2.33 7.0 251 328 54 7.9 11 5 18 0.7 1.92 
June 2006 2.80 6.8 194 272 57 7.7 5 5 14 7.1 2.93 
July 2006 1.77 6.7 218 220 60 6.7 5 3 13 0.8 2.38 
August 2006 1.51 6.6 252 532 63 6.7 4 3 10 0.6 0.46 
September 2006 1.48 6.8 236 342 64 6.8 4 5 12 18.4 0.65 
October 2006 1.48 6.8 216 349 62 8.6 4 4 4 14.9 1.26 
November 2006 1.98 7.1 305 316 59 9.5 11 5    
December 2006 1.90 7.0 270 265 56 9.1 8 6  16.1 0.75 
Min. Month 1.35 6.60 149 144 48.13 6.50 4 3 4 0.46 0.46 
Seasonal Average 1.80 6.84 213 316 59.71 7.29 7.39 6.50 20.85 8.09 3.86 
Average 2.02 6.94 232 283 55.92 7.97 9.69 6.23 21.44 6.46 6.29 
Max. Month 3.36 7.20 351 532 64.24 9.50 22.00 19.00 48.81 18.36 15.06 
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With a current average annual flow of 2.02 mgd and a permitted capacity of 2.40 mgd, this 
facility is operating at almost 85% of its permitted capacity. 
 
Based on the average BOD concentration of 232 mg/L, this wastewater is slightly higher than 
medium strength.   
 
The plant does receive industrial flows including an airplane parts manufacturer which 
contributes aluminum, cadmium and molybdenum from rinse tanks.  Leachate from the 
Southbridge landfill is also accepted. 
 
3. Permit Requirements and Current Performance.  The current permit for this 
facility has been in effect since September 30, 1999.  Monthly permit limits that are relevant to 
this study are shown below in Table 3.3-2. 
 
Table 3.3-2 
SELECT MONTHLY PERMIT LIMITS 
 
PARAMETER LIMIT 
(C) BOD5 
     November – May 
     June - October 
 
30 mg/L 
20 mg/L 
TSS 
     November – May 
     June - October 
 
30 mg/L 
20 mg/L 
Ammonia-Nitrogen 
     December – April 
     May, November 
     June - October 
 
15 mg/L 
10 mg/L 
5 mg/L 
Nitrate and Nitrite Report 
 
Since the most recent permit took effect, the plant has met nearly all of the above limits missing 
only the ammonia limits on several occasions.   
 
4. Nitrogen Removal Performance.  This facility does not collect influent nitrogen 
data.  However, various effluent nitrogen data is collected and can be seen in Table 3.3-1.  The 
plant reduced ammonia to relatively low levels for most of 2006 
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C. Nitrogen Removal Alternatives.  The existing maximum month loads over the three-year 
data collection period were used to determine the BioWin input data.  The influent data which 
correspond to maximum-month loads is shown in Table 3.3-3 below for each permitting 
scenario.  The minimum temperature for the permit condition is also shown.   In addition, due to 
a lack of influent nitrogen data, the TN/BOD ratio was estimated to be 0.18. 
 
Table 3.3-3 
EXISTING INFLUENT PARAMETERS 
 
PERMIT CONDITION PARAMETER VALUE 
Flow, mgd 2.50 
BOD, mg/L 278 
TSS, mg/L 338 
TN, mg/L 50 
Annual Average 
Temperature, F 48 
Flow, mgd 2.33 
BOD, mg/L 251 
TSS, mg/L 305 
TN, mg/L 45 
Seasonal  
Temperature, F 53 
 
The existing plant data was then projected to the permitted capacity of the facility to develop 
model input parameters for the average annual and seasonal model runs.  This projected data is 
shown in Table 3.3-4. 
 
 
 
 
 
 
 
 
 
 
 
(continued) 
3-24 
Table 3.3-4 
MODEL INPUT PARAMETERS AT PERMITTED CAPACITY 
 
PERMIT CONDITION PARAMETER VALUE 
Flow, mgd 2.98 
BOD, mg/L 278 
TSS, mg/L 338 
TN, mg/L 50 
Annual Average 
Temperature, F 48 
Flow, mgd 2.77 
BOD, mg/L 251 
TSS, mg/L 305 
TN, mg/L 45 
Seasonal  
Temperature, F 53 
 
The model input data was used to run uncalibrated simulations to determine planning level, 
order-of-magnitude costs for implementing different levels of nitrogen reduction at the facility.  
A discussion of operational changes or minor modifications that can be made to the facility to 
improve current nitrogen reduction performance as well as a presentation of the simulation 
results are presented in the following sections.   
 
Based upon our review of the site plan, the site has a designated area for two additional aeration 
tanks, just to the west of the existing tanks.  Adding additional tanks to the west is not feasible 
due to the presence of a portion of the Blackstone River.  The site appears to have ample other 
space for expansion, but with limited head between the aeration tanks and clarifiers, locating 
aeration tanks at more remote locations may require pumping to the secondary clarifiers.  Thus, 
for the purposes of this report, it was assumed that two additional aeration tanks could be added 
to the site.   
 
1. Minor Modifications/Retrofits.  This facility is currently operating at over 80% of 
its permited capacity.  At the assumed influent TN levels, it is not anticipated that the facility 
could achieve any appreciable nitrogen removal simply through minor modifications or retrofits. 
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2. Modifications Required to Meet TN of 8.  The modifications to the facility that are 
required to meet an effluent TN of 8 mg/L on a seasonal and annual average basis are as follows. 
 
a. Seasonal.  At the assumed influent TN levels for this facility, an MLE process 
will not accomplish a seasonal effluent TN level of 8 mg/L.  The MLE process will 
yield a seasonal effluent TN of 11 mg/L.   
 
Thus, the Bardenpho process with methanol addition was explored.  The Bardenpho 
process with methanol addition would require seven aeration tanks (five in addition to 
the two existing).  As was explained earlier, this is unlikely to fit well on the site.  
Thus, the alternative that fits well given the site constraints includes the expansion of 
the aeration tanks to yield a total of four aeration tanks and a total of 1.34 million 
gallons of capacity.  This volume is adequate to fully nitrify the projected loads at this 
facility and then nitrates can be removed through the use of denitrification filters.  
The denitrification filter complex would have an approximate footprint of 2900 
square feet with four cells that are approximately 14 ft square each.  These nitrogen 
removal processes are shown in Figure 3.3-2 below.  
 
 
 
 
 
 
 
 
 
FIGURE 3.3-2:  NITROGEN REMOVAL PROCESSES - SEASONAL LIMIT OF 8 mg/L  
 
In addition to the new aeration tanks and denitrification filters, it is anticipated that 
one additional secondary clarifier will be required to handle the MLSS concentration.  
The site plan has space reserved for this clarifier.  Also, it should be noted that the 
clarifiers at this facility are twelve feet deep.  According to TR-16, clarifiers at 
nitrogen removal facilities should be a minimum of 13 feet deep.  The clarifiers meet 
the minimum requirements set forth in Section 2, but they will have to be further 
Denitrification 
Filter 
Methanol  
Raw Influent Effluent
Sludge Disposa
Aerobic Zone
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evaluated to consider if they will require replacement or derating because of the 
shallow depth.   
 
As shown in the site plan in Figure 3.3-3, the site appears to have enough space for 
the additional aeration tanks, clarifier and denitrification filters.  Specific information 
regarding the results of this analysis is shown in Table 3.3-5 below. 
 
Table 3.3-5 
RESULTS FOR SEASONAL LIMIT OF 8 mg/L 
 
PARAMETER VALUE 
Aerobic SRT 7 days 
Total SRT 7 days 
First Anoxic Fraction n/a 
Total Anoxic Fraction n/a 
Reaeration HRT n/a 
RAS Rate 100% 
Total Volume 1.34 MG 
Nitrate Recycle Rate n/a 
Max MLSS at Loading Rate 3400 mg/L 
Effluent TN 8 mg/L 
Methanol Addition Yes, in denitrification filter 
Fixed Film Required? No 
Clarifiers? Reuse existing and add one new one 
Effluent Filtration Required? Yes, denitrification filter 
 
Other plant modifications may be needed including upgrades to sludge handling to 
accommodate the higher sludge production.  However, all facilities outside of the 
activated sludge process are outside of the scope of this study.   
 
b. Annual Average.  As indicated above, at the assumed influent TN levels for 
this facility, an MLE process will not accomplish an average annual effluent TN level 
of 8 mg/L.  The MLE process will yield an annual average effluent TN of about 11 
mg/L.  For the same reasons outlined above, the recommended process for this 
alternative is to add two additional aeration tanks for nitrification and denitrification 
filters.  The denitrification filter complex would have an approximate footprint of 
1545 Iyannough Road, Route 132
Hyannis, MA 02601
Tel: (508) 362-5680
Fax: (508) 362-5684
www.stearnswheler.com
Camp Dresser & McKee Inc.
One Cambridge Place, 50 Hampshire Street
Cambridge, MA 02139
Tel: (617) 452-6000
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2900 square feet with four cells that are approximately 14 ft square each.  In addition, 
because of the low winter temperature, IFAS will be required in the aeration tanks.  
These nitrogen removal processes are shown in Figure 3.3-4 as follows.  
 
 
 
 
 
 
 
 
 
 
FIGURE 3.3-4: 
NITROGEN REMOVAL PROCESSES – ANNUAL AVERAGE LIMIT OF 8 mg/L 
 
In addition to the new aeration tanks and denitrification filters, it is anticipated that 
one additional secondary clarifier will be required to handle the MLSS concentration.  
The site plan has space reserved for this clarifier.  Also, it should be noted that the 
clarifiers at this facility are twelve feet deep.  According to TR-16, clarifiers at 
nitrogen removal facilities should be a minimum of 13 feet deep.  The clarifiers meet 
the minimum requirements set forth in Section 2, but they will have to be further 
evaluated to consider if they will require replacement or derating because of the 
shallow depth.   
 
As shown in the site plan in Figure 3.3-3, the site appears to have enough space for 
the additional aeration tanks, clarifier and denitrification filters.  Specific information 
regarding the results of this analysis is shown in Table 3.3-6 as follows. 
 
 
 
 
 
(continued) 
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Table 3.3-6 
RESULTS FOR ANNUAL AVERAGE LIMIT OF 8 mg/L 
 
PARAMETER VALUE 
Aerobic SRT 6 days 
Total SRT 6 days 
First Anoxic Fraction n/a 
Total Anoxic Fraction n/a 
Reaeration HRT n/a 
RAS Rate 100% 
Total Volume 1.34 MG 
Nitrate Recycle Rate n/a 
Max MLSS at loading rate 3600 mg/L 
Effluent TN 8 mg/L 
Methanol Addition Yes, in denitrification filter 
Fixed Film Required? Yes, 40% fill 
Clarifiers? Reuse existing and add one new one 
Effluent Filtration Required? Yes, denitrification filter 
 
  Other plant modifications may be needed including upgrades to sludge handling to 
accommodate the higher sludge production.  However, all facilities outside of the 
activated sludge process are outside of the scope of this study.   
 
3. Modifications Required to Meet a TN of 5.  The modifications to the facility that 
are required to meet an effluent TN of 5 mg/L on a seasonal and annual average basis are as 
follows. 
 
a. Seasonal.  At the assumed influent TN levels for this facility and for the same 
reasons outlined previously for part 3.3 C.2, the recommended alternative for this 
facility is to add two additional aeration tanks and denitrification filters.  This 
configuration would allow the facility to achieve a seasonal effluent TN of 5 mg/L as 
shown in Figure 3.3-5.    
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FIGURE 3.3-5:  NITROGEN REMOVAL PROCESSES – SEASONAL LIMIT OF 5 mg/L 
 
In addition to the new aeration tanks and denitrification filters, it is anticipated that 
one additional secondary clarifier will be required to handle the MLSS concentration.  
The site plan has space reserved for this clarifier.  Also, it should be noted that the 
clarifiers at this facility are twelve feet deep.  According to TR-16, clarifiers at 
nitrogen removal facilities should be a minimum of 13 feet deep.  The clarifiers meet 
the minimum requirements set forth in Section 2, but they will have to be further 
evaluated to consider if they will require replacement or derating because of the 
shallow depth.    
 
As shown in the site plan in Figure 3.3-3, the site appears to have enough space for 
the additional aeration tanks and denitrification filters.  The denitrification filter 
complex would have an approximate footprint of 2900 square feet with four cells that 
are approximately 14 ft square each.  Specific information regarding the results of this 
analysis is shown in Table 3.3-7 as follows. 
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Table 3.3-7 
RESULTS FOR SEASONAL LIMIT OF 5 mg/L 
 
PARAMETER VALUE 
Aerobic SRT 7 days 
Total SRT 7 days 
First Anoxic Fraction n/a 
Total Anoxic Fraction n/a 
Reaeration HRT n/a 
RAS Rate 100% 
Total Volume 1.34 MG 
Nitrate Recycle Rate n/a 
Max MLSS at loading rate 3400 mg/L 
Effluent TN 5 mg/L 
Methanol Addition Yes, in denitrification filter 
Fixed Film Required? No 
Clarifiers? Reuse existing and add one new one 
Effluent Filtration Required? Yes, denitrification filter 
 
Other plant modifications may be needed including upgrades to sludge handling to 
accommodate the higher sludge production.  However, all facilities outside of the 
activated sludge process are outside of the scope of this study.   
 
b. Annual Average.  At the assumed influent TN levels for this facility and for the 
same reasons outlined previously for part 3.3 C.2, the recommended alternative for 
this facility is to add two additional aeration tanks and denitrification filters.  The 
denitrification filter complex would have an approximate footprint of 2900 square 
feet with four cells that are approximately 14 ft square each.  In addition, because of 
the low winter temperature, IFAS will be required in the aeration tanks.  This 
configuration would allow the facility to achieve a seasonal effluent TN of 5 mg/L as 
shown in Figure 3.3-6.    
 
 
 
 
(continued) 
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FIGURE 3.3-6:  
NITROGEN REMOVAL PROCESSES – ANNUAL AVERAGE LIMIT OF 5 mg/L 
 
In addition to the new aeration tanks and denitrification filter, it is anticipated that one 
additional secondary clarifier will be required to handle the MLSS concentration.  
The site plan has space reserved for this clarifier.  Also, it should be noted that the 
clarifiers at this facility are twelve feet deep.  According to TR-16, clarifiers at 
nitrogen removal facilities should be a minimum of 13 feet deep.  The clarifiers meet 
the minimum requirements set forth in Section 2, but they will have to be further 
evaluated to consider if they will require replacement or derating because of the 
shallow depth.   
 
As shown in the site plan in Figure 3.3-3, the site appears to have enough space for 
the additional aeration tanks, clarifier and denitrification filters.  Specific information 
regarding the results of this analysis is shown in Table 3.3-8 as follows. 
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Table 3.3-8 
RESULTS FOR ANNUAL AVERAGE LIMIT OF 5 mg/L 
 
PARAMETER VALUE 
Aerobic SRT 6 days 
Total SRT 6 days 
First Anoxic Fraction n/a 
Total Anoxic Fraction n/a 
Reaeration HRT n/a 
RAS Rate 100% 
Total Volume 1.34 MG 
Nitrate Recycle Rate n/a 
Max MLSS at loading rate 3600 mg/L 
Effluent TN 5 mg/L 
Methanol Addition Yes, in denitrification filter 
Fixed Film Required? Yes, 40% fill 
Clarifiers? Reuse existing and add one new one 
Effluent Filtration Required? Yes, denitrification filter 
 
Other plant modifications may be needed including upgrades to sludge handling to 
accommodate the higher sludge production.  However, all facilities outside of the 
activated sludge process are outside of the scope of this study. 
 
D. Plant and Cost Summary. 
 
Table 3.3-9 presents flow data for the Grafton WWTP as well as the current nitrogen removal 
performance of the plant.   
 
 
 
 
 
 
 
 
 
(continued) 
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Table 3.3-9 
PLANT FLOW AND EFFLUENT LIMIT SUMMARY 
 
PARAMETER VALUE 
Permitted Flow (mgd) 2.4 
Existing Flow (2004-6) 2.0 
% of existing capacity 84.2 
Current average seasonal effluent TN (mg/L)1 13.5 
Current average annual effluent TN (mg/L) 1 14.3 
Permit Limits 
     Seasonal Nitrification (mg/L) 
     Year-round  nitrification (mg/L) 
     Seasonal TN Limit 
     Annual TN Limit 
 
Yes (5) 
Yes (5-15) 
No 
No 
1.  TKN was assumed to be 1.5 mg/L   
 
Table 3.3-10 presents the nitrogen removal processes identified in this section to achieve the four 
different permit conditions considered.  Based on the loading conditions established for this 
facility and the subsequent BioWin modeling performed using this data, the facility 
improvements include adding two additional aeration tanks and using these tanks for ammonia 
removal only.  Other improvements include using IFAS if year-round nitrogen removal is 
required, installation of one additional secondary clarifier and a denitrification filter for nitrate 
removal.  It also should be noted that influent nitrogen data was assumed for this facility.   
 
Table 3.3-10 
NITROGEN REMOVAL PROCESS SUMMARY FOR GRAFTON WWTP 
 
MINOR / 
MODIFICATIONS 
OR RETROFITS 
PROCESS TO 
ACHIEVE 
SEASONAL 
TN OF 8 MG/L 
PROCESS TO 
ACHIEVE ANNUAL 
AVERAGE 
TN OF 8 MG/L 
PROCESS TO 
ACHIEVE 
SEASONAL 
TN OF 5 MG/L 
PROCESS TO 
ACHIEVE ANNUAL 
AVERAGE 
TN OF 5 MG/L 
None 
Nitrification in 
aeration tanks 
followed by 
denitrification 
filters  
Nitrification in 
aeration tanks 
followed by 
denitrification 
filters 
Nitrification in 
aeration tanks 
followed by 
denitrification 
filters 
Nitrification in 
aeration tanks 
followed by 
denitrification 
filters 
 
The modifications required at Grafton to convert to a new nitrogen removal process are 
summarized in Table 3.3-11.  As noted previously, no minor modifications can be made to the 
treatment facility to improve nitrogen removal at the assumed influent nitrogen loads. 
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Table 3.3-11 
REQUIRED MODIFICATIONS SUMMARY FOR GRAFTON WWTP 
 
MODIFICATIONS TO 
ACHIEVE SEASONAL  
TN OF 8 MG/L 
MODIFICATIONS TO 
ACHIEVE ANNUAL 
AVERAGE 
TN OF 8 MG/L 
MODIFICATIONS TO 
ACHIEVE SEASONAL  
TN OF 5 MG/L 
MODIFICATIONS TO 
ACHIEVE ANNUAL 
AVERAGE  
TN OF 5 MG/L 
SPECIAL 
CONDITIONS 
2 new aeration 
tanks, one new 
clarifier, 
denitrification 
filters 
2 new aeration 
tanks with IFAS, 
one new clarifier, 
denitrification 
filters 
2 new aeration 
tanks, one new 
clarifier, 
denitrification 
filters 
2 new aeration 
tanks with IFAS, 
one new clarifier, 
denitrification 
filters 
None 
 
The cost estimating procedures established in Section 2 were used to estimate capital, annual 
O&M, and 20-year present worth costs associated with the process changes and facility 
modifications summarized above.  The cost estimates are included in Table 3.3-12.  
 
Table 3.3-12 
COST SUMMARY FOR NITROGEN REMOVAL AT GRAFTON WWTP1 
 
LIMIT CAPITAL COSTS (IN MILLIONS) 
TOTAL ANNUAL 
COSTS2 
(IN THOUSANDS) 
20-YR PRESENT 
WORTH 
(IN MILLIONS) 
Minor Modifications/Retrofits None n/a n/a 
Seasonal Effluent TN of 8 mg/L $28 $260 $32 
Annual Average Effluent TN of 8 mg/L $41 $420 $47 
Seasonal Effluent TN of 5 mg/L $28 $270 $32 
Annual Average Effluent TN of 5 mg/L $41 $430 $47 
1. It should be noted that these costs represent one method by which this facility can achieve the stated TN 
goals.  It is not intended to be the most cost effective method nor the recommended method, but it 
represents a planning tool for MassDEP to estimate the fiscal impacts of establishing total nitrogen limits.    
2. Represents incremental increase over current conditions. 
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3.4 NORTHBRIDGE 
 
A. Introduction.  The Northbridge Wastewater 
Treatment Plant (WWTP) is located at 644 
Providence Road in Northbridge, MA.  It has a 
permitted annual average capacity of 2.0 mgd and 
serves the Town of Northbridge only.   
 
A primary treatment wastewater facility was 
constructed prior to 1940.  A trickling filter was 
added in the 1940s.  Secondary clarifiers were constructed in the 1960s.  In the 1970s, a 
dewatering process and chlorine disinfection were added to the facility.  A UV system was 
constructed in 1997 and the dewatering process was decommissioned.  Finally in 2002, the 
current sequencing batch reactor process was constructed along with related support facilities.   
 
B. Existing Facilities. 
 
1. Description of Existing Facilities.  All flow to the treatment facility is conveyed via 
forcemain from the Rockdale Pump Station which is located on the treatment plant site.  In 
addition to the pumps, this pump station contains a screenings grinder. 
 
The first process at the treatment facility is primary 
treatment.  After primary treatment, flow is conveyed 
by gravity to the sequencing batch reactors (SBRs).  
Each of the two SBRs is 80 feet square with a 
sidewater depth of 20.4 ft.  The SBRs have fine bubble 
aeration.  An equalization tank collects flow from the 
SBR decant system prior to the flow being conveyed 
by gravity through a magnetic meter and then to the 
sand beds.  The sand beds act as a final filtration step 
prior to UV disinfection.   
 
All plant recycle flows are returned to the Rockdale Pump Station.  The influent sampler is 
located just prior to primary treatment.  The effluent sampler is located after disinfection. 
 
Aerial photo taken from www.google.com
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Alum is used for phosphorus removal and soda ash for pH adjustment. Primary and waste 
activated sludges are co-thickened in the gravity thickener and then hauled off site for disposal.  
A process flow schematic is shown in Figure 3.4-1. 
 
FIGURE 3.4-1:  PROCESS FLOW SCHEMATIC – EXISTING FACILITY 
 
The plant uses both of the SBRs at all times.  Only one of the primary clarifiers is typically used; 
two primaries are used during high flow events.  The only seasonal operational change that is 
made is that alum is not used in the winter. 
 
The plant and collection system are maintained by 6 people (superintendent, administrative 
assistant and 4 operators) 
     
Design flows and loads for the most recent upgrade are shown below in Table 3.4-1. 
 
Table 3.4-1 
DESIGN FLOWS AND LOADS 
 
PARAMETER VALUE 
Average Monthly (design flow) 2 mgd 
BOD 190 mg/L 
TSS 166 mg/L 
Ammonia-Nitrogen 17 mg/L 
TKN 26 mg/L 
TP 4 mg/L 
 
UV 
Disinfection 
Preliminary 
Treatment – 
Screenings 
Grinder 
SBRs 
Primary 
Clarifiers 
Post 
Equalization 
Tank 
Sand Beds 
Primary 
Sludge 
Waste 
Activated 
Sludge 
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2. Summary of Plant Data.  Data from January 2004 through December 2006 was 
provided by the Town for this study.  A summary of the monthly data is shown in Table 3.4-2.  
Seasonal and annual average and maximum month data is summarized in the table. 
 
With a current average annual flow of 1.1 mgd and a permitted capacity of 2.0 mgd, this facility 
is operating at 55% of its permitted capacity.  Based on the average BOD concentration of 210 
mg/L, this wastewater would be considered medium strength.   
 
Table 3.4-2 
NORTHBRIDGE WWTP 
Northbridge, Massachusetts 
Monthly Averages 2004-2006 
 
GENERAL INFLUENT EFFLUENT 
DATE INF BOD TSS BOD TSS NO2+NO3 NH3 
MONTH YEAR MGD MG/L MG/L MG/L MG/L MG/L MG/L 
January 2004 1.0 205 179 3.75 4.0 6.90 0.40 
February 2004 1.0 189 150 4.25 6.0 5.30 6.70 
March 2004 0.9 198 154 4.20 3.2 2.30 4.10 
April 2004 1.7 129 152 4.20 1.9 8.60  
May 2004 1.2 163 87 4.00 1.5 1.80 2.20 
June 2004 0.9 225 144 3.50 2.5 4.40 0.30 
July 2004 0.8 266 112 2.00 2.2 3.40 0.00 
August 2004 0.8 228 142 3.25 5.2 7.70 0.10 
September 2004 0.9 263 181 2.40 3.2 4.20 0.50 
October 2004 0.9 254 95 2.20 3.2 6.20 1.60 
November 2004 0.9 369 148 9.00 3.2 7.70 0.30 
December 2004 1.3 207 90 7.00 3.0 4.40 1.40 
January 2005        
February 2005 1.4 164 101 10.00 2.0 2.00 3.70 
March 2005 0.5 195 59 8.00 4.8 1.20 4.60 
April 2005 1.6 184 106 7.50 2.2 2.60 6.20 
May 2005 1.2 187 73 6.50 3.5 0.98 3.80 
June 2005 0.9 332 207 9.00 5.2 0.50 1.60 
July 2005 0.9 218 108 7.70 7.2 1.70 0.10 
August 2005 0.8 333 208 7.00 6.5 2.90 0.90 
September 2005 0.8 316 185 5.60 3.2 8.80 3.20 
October 2005 1.6 154 130 6.00 3.2 6.30 4.70 
November 2005 1.3 172 453 7.70 9.2 2.00 2.30 
December 2005 1.3 141 141 5.00 4.4 2.00 8.00 
January 2006 1.5 279 128 5.00 7.3 0.96 8.30 
(continued) 
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GENERAL INFLUENT EFFLUENT 
DATE INF BOD TSS BOD TSS NO2+NO3 NH3 
MONTH YEAR MGD MG/L MG/L MG/L MG/L MG/L MG/L 
February 2006 1.5 190 104 4.40 6.5 0.82 9.10 
March 2006 0.9 191 209 6.00 3.4 0.51 9.40 
April 2006 0.9 149 272 2.70 1.0 4.50 6.20 
May 2006 1.3 146 190 5.50 2.3 9.50 0.80 
June 2006 1.7 140 178 5.70 4.6 1.50 1.10 
July 2006 0.9 200 179 5.80 5.0 0.68 1.30 
August 2006 0.9 196 180 3.80 3.0 0.80 0.11 
September 2006 0.9 144 219 3.00 2.0 2.90 0.10 
October 2006 0.8 190 246 1.80 1.0 1.70 0.22 
November 2006 1.0 196 206 2.00 1.0 3.20 0.03 
December 2006 1.0 234 195 4.70 5.4 4.60 0.69 
Min. Month 0.5 129 59 1.8 1.0 0.5 0.0 
Seasonal Average 1.0 220 159 4.7 3.6 3.7 1.3 
Average 1.1 210 163 5.1 3.8 3.6 2.8 
 Max. Month 1.7 369 453 10.0 9.2 9.5 9.4 
 
3. Permit Requirements and Current Performance.  The current permit for this 
facility has been in effect since September 13, 2006.  Monthly permit limits that are relevant to 
this study are shown below in Table 3.4-3. 
 
Table 3.4-3 
SELECT MONTHLY PERMIT LIMITS 
 
PARAMETER LIMIT 
BOD5 10 mg/L 
TSS 10 mg/L 
Ammonia-Nitrogen 
     May – October 
     Nov - April 
 
2 mg/L 
9 mg/L 
TKN, Nitrate-N, Nitrite-N Report 
 
The above BOD and TSS limits have been met in all of the months since the current permit 
became active. 
 
4. Nitrogen Removal Performance.  This facility does not collect influent nitrogen 
data.  However, effluent nitrogen data is collected as can be seen in Table 3.4-2.  Since the 
current permit took effect, the plant has met standards for nitrogen. 
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C. Nitrogen Removal Alternatives.  The existing maximum month loads over the three-year 
data collection period were used to determine the BioWin input data; one outlier was found in 
the data and not included in the analysis.  The influent data which correspond to maximum-
month loads is shown in Table 3.4-4 below for each permitting scenario.  The minimum 
temperature for the permit condition is also shown.  In addition, due to a lack of influent nitrogen 
data, the TN/BOD ratio was estimated to be 0.18, and due to a lack of wastewater temperature 
data, the temperatures were assumed, both in accordance with the procedures outlined in Section 
2.   
Table 3.4-4 
EXISTING INFLUENT PARAMETERS 
 
PERMIT CONDITIONS PARAMETER VALUE 
Flow, mgd 0.9 
BOD, mg/L 369 
TSS, mg/L 287 
TN, mg/L 66 
Annual Average 
Temperature, F 46 
Flow, mgd 0.9 
BOD, mg/L 332 
TSS, mg/L 258 
TN, mg/L 60 
Seasonal  
Temperature, F 52 
  
The existing plant data was then projected to the permitted capacity of the facility to develop 
model input parameters for the average annual and seasonal model runs.  This projected data is 
shown in Table 3.4-5. 
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Table 3.4-5 
MODEL INPUT PARAMETERS AT PERMITTED CAPACITY 
 
PERMIT CONDITIONS PARAMETER VALUE 
Flow, mgd 1.66 
BOD, mg/L 369 
TSS, mg/L 287 
TN, mg/L 66 
Annual Average 
Temperature, F 46 
Flow, mgd 1.66 
BOD, mg/L 332 
TSS, mg/L 258 
TN, mg/L 60 
Seasonal 
Temperature, F 52 
 
The model input data was used to run uncalibrated simulations to determine planning level, 
order-of-magnitude costs for implementing different levels of nitrogen reduction at the facility.  
A discussion of operational changes or minor modifications that can be made to the facility to 
improve current nitrogen reduction performance as well as a presentation of the simulation 
results are presented in the following sections.   
 
1. Minor Modifications/Retrofits.  As shown in Table 3.4-2, since the current permit 
took effect, the plant has met effluent standards for ammonia.  At the current assumed influent 
TN levels, the existing facility should be able to achieve an average effluent nitrogen level of 8 
mg/L by cycling the air in the existing tanks up to approximately 1.3 mgd.   
 
2. Modifications Required to Meet TN of 8.  The modifications to the facility that are 
required to meet an effluent TN of 8 mg/L on a seasonal and annual average basis are as follows. 
 
a. Seasonal.  At the assumed influent TN levels, the facility would be able to achieve a 
seasonal effluent TN level of 8 mg/L by cycling the air to achieve aerobic and anoxic 
conditions.  This process would require a total of one additional SBR.  The BioWin model 
for this process is as shown in Figure 3.4-2 as follows.    
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FIGURE 3.4-2:  NITROGEN REMOVAL PROCESSES - SEASONAL LIMIT OF 8 mg/L 
 
The new SBR would be the same size as the existing tanks.  As shown in the site plan in 
Figure 3.4-3, the site has enough space for the additional SBR.  Specific information 
regarding the results of this analysis is shown in Table 3.4-6 below. 
 
Table 3.4-6 
RESULTS FOR SEASONAL LIMIT OF 8 mg/L TN 
 
PARAMETER VALUE 
Total SRT 21 days 
Number of Cycles 4 per day/ basin 
Cycle Duration 6  hrs/cycle 
Total Tank Volume 2.9 MG 
Max MLSS at Loading Rate 3500 mg/L 
Effluent TN 8 mg/L 
Methanol Addition No 
Effluent Filtration Required? No 
 
In addition to the additional SBR tank and the equipment required for that tank, the facility 
will require additional blowers and a new building to house the blowers and pumps.  Other 
plant modifications may be needed including upgrades to sludge handling processes.  
However, all facilities outside of the activated sludge process are outside of the scope of 
this study. 
 
 
 
SBR 2
Waste Sludge
Influent Effluent
SBR 1
Post EQ
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b. Annual Average.  At the assumed influent TN levels, the SBR would be able to 
achieve an average annual effluent TN level of 8 mg/L by cycling the air to achieve aerobic 
and anoxic conditions.  Like the seasonal limit, the annual average limit would require a 
total of one additional SBR.  The BioWin model for this process is as shown in Figure 3.4-
4 below.    
 
 
 
 
 
 
 
 
 
 
 
FIGURE 3.4-4:  NITROGEN REMOVAL PROCESSES – ANNUAL AVERAGE  
LIMIT OF 8 mg/L 
 
The new SBR would be the same size as the existing tanks.  As shown in the site plan in 
Figure 3.4-3, the site has enough space for the additional SBRs.  Information regarding the 
results of this analysis is shown in Table 3.4-7 below. 
 
Table 3.4-7 
RESULTS FOR ANNUAL AVERAGE LIMIT OF 8 mg/L TN 
 
PARAMETER VALUE 
Total SRT 21 days 
Number of Cycles 4 per day/ basin 
Cycle Duration 6  hrs/cycle 
Total Tank Volume 2.9 MG 
Max MLSS at Loading Rate 3500 mg/L 
Effluent TN 8 mg/L 
Methanol Addition No 
Effluent Filtration Required? No 
 
SBR 2
Waste Sludge
Influent Effluent
SBR 1
Post EQ
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In addition to the additional SBR tank and the equipment required for that tank, the facility 
will require additional blowers and a new building to house the blowers and pumps.  Other 
plant modifications may be needed including upgrades to sludge handling processes.  
However, all facilities outside of the activated sludge process are outside of the scope of 
this study. 
 
3. Modifications Required to Meet a TN of 5.  The modifications to the facility that 
are required to meet an effluent TN of 5 mg/L on a seasonal and annual average basis are as 
follows. 
 
a. Seasonal.  At the assumed influent TN levels for this facility, the SBR would be able 
to achieve a seasonal effluent TN level of 5 mg/L by adding another SBR and cycling the 
air in the SBR to achieve aerobic and anoxic conditions.  It would also require a new  
denitrification filter to remove an additional 3 mg/L of nitrates.  These nitrogen removal 
processes are shown in Figure 3.4-5 below.    
 
 
 
SBR 2
Waste Sludge
Influent Effluent
SBR 1
Post EQ
 
 
FIGURE 3.4-5:  NITROGEN REMOVAL PROCESSES – SEASONAL LIMIT OF 5 mg/L 
 
The new SBR would be the same size as the existing tanks.  The denitrification filter 
complex would have a footprint of approximately 2150 square feet with two cells at 
approximately 14 feet square each.  As shown on the site plan in Figure 3.4-6, the site has 
enough space for the additional SBR and denitrification filter.  Specific information 
regarding the results of this analysis is shown in Table 3.4-8 as follows. 
Denitrification 
Filter 
Methanol  
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Table 3.4-8 
RESULTS FOR SEASONAL LIMIT OF 5 mg/L TN 
 
PARAMETER VALUE 
Total SRT 21 days 
Number of Cycles 4 per day/ basin 
Cycle Duration 6  hrs/cycle 
Total Tank Volume 2.9 MG 
Max MLSS at Loading Rate 3500 mg/L 
Effluent TN 5 mg/L 
Methanol Addition Yes, in denitrification filter 
Effluent Filtration Required? Yes, denitrification filter 
 
In addition to the additional SBR tank and the equipment required for that tank, the facility 
will require additional blowers and a new building to house the blowers and pumps.  Other 
plant modifications may be needed including upgrades to sludge handling processes.  
However, all facilities outside of the activated sludge process are outside of the scope of 
this study. 
 
b. Annual Average.  At the assumed influent TN levels for this facility, the SBR would 
be able to achieve an average annual effluent TN level of 5 mg/L by adding another SBR 
and cycling the air in the SBR to achieve aerobic and anoxic conditions.  It would also 
require a new denitrification filter to remove an additional 3 mg/L of nitrates.  These 
nitrogen removal processes are shown in Figure 3.4-7 as follows.   
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SBR 2
Waste Sludge
Influent Effluent
SBR 1
Post EQ
 
 
FIGURE 3.4-7:   
NITROGEN REMOVAL PROCESSES – ANNUAL AVERAGE LIMIT OF 5 mg/L 
 
Like the seasonal limit, the annual average limit would require one additional SBR.  The 
new SBR would be the same size as the existing tanks.  The denitrification filter complex 
would have a footprint of approximately 2150 square feet with two cells at approximately 
14 feet square each.  As shown on the site plan in Figure 3.4-6, the site has enough space 
for the additional SBR and denitrification filter.  Specific information regarding the results 
of this analysis is shown in Table 3.4-9 below. 
 
Table 3.4-9 
RESULTS FOR ANNUAL AVERAGE LIMIT OF 5 mg/L TN 
 
PARAMETER VALUE 
Total SRT 21 days 
Number of Cycles 4 per day/ basin 
Cycle Duration 6  hrs/cycle 
Total Tank Volume 2.9 MG 
Max MLSS at Loading Rate 3500 mg/L 
Effluent TN 5 mg/L 
Methanol Addition Yes, in denitrification filter 
Effluent Filtration Required? Yes, denitrification filter 
 
In addition to the additional SBR tank and the equipment required for that tank, the facility 
will require additional blowers and a new building to house the blowers and pumps.  Other 
Denitrification 
Filter 
Methanol  
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plant modifications may be needed including upgrades to sludge handling processes.  
However, all facilities outside of the activated sludge process are outside of the scope of 
this study. 
 
D. Plant and Cost Summary.  Table 3.4-10 presents flow data for the Northbridge WWTP 
as well as the current nitrogen removal performance of the plant.   
 
Table 3.4-10 
PLANT FLOW AND EFFLUENT LIMIT SUMMARY 
 
PARAMETER VALUE 
Permitted Flow (mgd) 2.0 
Existing Flow (2004-6) 1.1 
% of existing capacity 55 
Current average seasonal effluent TN (mg/L)1 6.5 
Current average annual effluent TN (mg/L) 1 7.9 
Permit Limits 
     Seasonal Nitrification (mg/L) 
     Year-round  nitrification (mg/L) 
     Seasonal TN Limit 
     Annual TN Limit 
 
Yes (2) 
Yes (2-9) 
No 
No 
 1.  Assumes effluent TKN is 1.5 mg/L 
 
Table 3.4-11 presents the nitrogen removal processes identified in this section to achieve the four 
different permit conditions considered.  Based on the loading conditions established for this 
facility and the subsequent BioWin modeling performed using this data, the facility 
improvements include adding one SBR tank to meet an effluent Nitrogen limit of 8 mg/L and 
one SBR tank and a denitrification filter to meet an effluent Nitrogen limit of 5 mg/L. 
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Table 3.4-11 
NITROGEN REMOVAL PROCESS SUMMARY FOR NORTHBRIDGE WWTP 
 
MINOR/ MODIFICATIONS 
OR RETROFITS 
PROCESS TO 
ACHIEVE 
SEASONAL  
TN OF 8 MG/L 
PROCESS TO ACHIEVE 
ANNUAL AVERAGE  
TN OF 8 MG/L 
PROCESS TO 
ACHIEVE SEASONAL  
 TN OF 5 MG/L 
PROCESS TO ACHIEVE 
ANNUAL AVERAGE  
TN OF   5 MG/L 
Cyclical aeration in 
both existing SBRs up 
to 1.3 mgd 
Cyclical 
aeration in three 
SBRs  
Cyclical aeration in 
three SBRs 
Cyclical aeration in 
three SBRs plus a 
denitrification filter 
Cyclical aeration in 
three SBRs plus a 
denitrification filter 
 
The modifications required at Northbridge to convert to a new nitrogen removal process are 
summarized in Table 3.4-12.   
 
Table 3.4-12 
REQUIRED MODIFICATIONS SUMMARY FOR NORTHBRIDGE WWTP 
 
MODIFICATIONS TO 
ACHIEVE SEASONAL  
TN OF 8 MG/L 
MODIFICATIONS TO 
ACHIEVE ANNUAL 
AVERAGE 
TN OF 8 MG/L 
MODIFICATIONS TO 
ACHIEVE SEASONAL  
TN OF 5 MG/L 
MODIFICATIONS TO 
ACHIEVE ANNUAL 
AVERAGE  
TN OF 5 MG/L 
SPECIAL 
CONDITIONS 
One new SBR and a 
building addition 
One new SBR and a 
building addition 
One new SBR and a 
building addition, 
denitrification filter 
One new SBR and a 
building addition, 
denitrification filter 
None 
 
The cost estimating procedures established in Section 2 were used to estimate capital, annual 
O&M, and 20-year present worth costs associated with the process changes and facility 
modifications summarized above.  The cost estimates are included in Table 3.4-13.  
 
Table 3.4-13 
COST SUMMARY FOR NITROGEN REMOVAL AT NORTHBRIDGE WWTP1 
 
LIMIT CAPITAL COSTS (IN MILLIONS) 
TOTAL ANNUAL COSTS2 
(IN THOUSANDS) 
20-YR PRESENT 
WORTH 
(IN MILLIONS) 
Minor Modifications/Retrofits Minor n/a n/a 
Seasonal Effluent TN of 8 mg/L $6 $100 $7.8 
Annual Average Effluent TN of 8 mg/L $6 $110 $7.8 
Seasonal Effluent TN of 5 mg/L $16 $190 $18 
Annual Average Effluent TN of 5 mg/L $16 $220 $18.4 
 
1. It should be noted that these costs represent one method by which this facility can achieve the stated TN goals.  It is not 
intended to be the most cost effective method nor the recommended method, but it represents a planning tool for 
MassDEP to estimate the fiscal impacts of establishing total nitrogen limits.    
2. Represents incremental increase over current conditions. 
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3.5 DOUGLAS 
 
A. Introduction.  The Douglas Wastewater 
Treatment Facility (WWTF) is located at 29 
Charles Street in Douglas, MA.  It has a permitted 
average annual capacity of 0.60 mgd and mostly 
serves the Town of Douglas and one single 
commercial property in Uxbridge.  The facility does 
not accept septage.   
 
The current facility is still under construction, but 
was activated on December 3, 2005.  It replaced a facility that was constructed in 1972.  
 
B. Existing Facilities. 
 
1. Description of Existing Facilities.  All flow is pumped to the Douglas Wastewater 
Treatment Facility (WWTF) where it first enters the Screenings and Grit Facility which consists 
of a fine mechanical screen and a vortex grit chamber.  From there, flow enters a Parshall flume 
by gravity for flow measurement.   
 
After preliminary 
treatment, the flow is 
conveyed by gravity to the 
sequencing batch reactors 
(SBRs).  Each of the three 
SBRs is 42 feet square with 
a side water depth of 20.5 
feet.  Aeration is 
accomplished by fine 
bubble aeration.  The post 
equalization tanks collect 
flow from the SBR decant 
system prior to pumping it 
to the effluent filters.  
 
Aerial photo taken from www.google.com
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The effluent filtration and UV disinfection consist of cloth disk filters and a closed vessel UV 
system.  After disinfection, the flow passes through a Parshall flume for flow measurement and 
is then conveyed by gravity to the Mumford River.  Plant recycle flows are introduced after the 
influent sampler.  The effluent sampler is located after disinfection.   
 
Alum is used for phosphorus removal and sodium hydroxide is available for adding alkalinity. 
Sludge is stored in holding tanks and then hauled for disposal.  A process flow schematic is 
shown in Figure 3.5-1. 
 
 
FIGURE 3.5-1: PROCESS FLOW SCHEMATIC – EXISTING FACILITY 
 
Two of the three SBRs are in use at all times.  The plant does not try to suppress nitrification at 
any time of the year. 
 
The facility has two full-time employees.  This crew serves the plant and four pump stations.  
 
Design flows and loads for the most recent upgrade are shown below in Table 3.5-1. 
 
Table 3.5-1 
DESIGN FLOWS AND LOADS 
 
PARAMETER VALUE 
Average Monthly (design flow) 0.6 mgd 
BOD 250 
 
UV 
Disinfection 
Preliminary 
Treatment – 
Fine Screening, 
Grit Removal 
SBR 
Parshall 
Flume Post 
Equalization 
Tank 
Effluent 
Cloth 
Filter 
Parshall 
Flume 
Waste 
Activated 
Sludge 
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Table 3.5-1 (continued) 
DESIGN FLOWS AND LOADS 
 
PARAMETER VALUE 
TSS 150 
Ammonia 17 
TKN 30 
TP 4 
 
2. Summary of Plant Data.  Data from January 2004 through December 2006 was 
provided by the Town for this study.  A summary of the monthly data is shown in Table 3.5-2.  
Seasonal and annual average and maximum month data is summarized in the table. 
 
Table 3.5-2 
DOUGLAS WWTF 
Douglas, Massachusetts 
Monthly Averages 2004-2006 
 
GENERAL INFLUENT EFFLUENT 
DATE INF PH BOD TSS TEMP BOD TSS FECAL NO2 + NO3 TKN NH3 TN 
MONTH YEAR MGD  MG/L MG/L DEG F MG/L MG/L COLI. MG/L MG/L MG/L MG/L 
January 2004 0.17 7.7 249 233 59 10 11  5.3 7.50 1.40 12.76 
February 2004 0.15 7.7 220 228 59 10 10  1.0 1.30 0.49 2.25 
March 2004 0.17 7.7 269 225 61 10 11  5.6 2.70 0.52 8.29 
April 2004 0.32 7.5 210 184 59 10 9 2 0.1 9.70 8.50 9.78 
May 2004 0.24 7.6 213 217 61 10 10 28 0.1 19.00 18.00 19.06 
June 2004 0.18 7.7 216 205 61 10 15 27 1.6 5.60 4.20 7.17 
July 2004 0.18 7.7 262 226 64 10 13 26 4.4 3.90 2.80 8.34 
August 2004 0.16 7.7 263 248 66 11 13 52 1.3 2.70 0.95 3.95 
September 2004 0.17 7.7 222 246 64 10 12 35 0.7 12.00 11.00 12.66 
October 2004 0.17 7.7 248 250 64 11 11 27 0.1 5.40 4.30 5.51 
November 2004 0.16 7.7 256 254 63 11 11  1.2 5.40 3.90 6.59 
December 2004 0.22 7.7 225 237 61 10 10  0.1 14.00 12.00 14.08 
January 2005 0.26 7.6 244 232 52 10 9  1.1 12.00 11.00 13.11 
February 2005 0.22 7.7 217 219 54 10 10  0.1 21.00 18.00 21.09 
March 2005 0.23 7.7 239 223 52 12 11  1.0 17.00 16.00 17.99 
April 2005 0.30 7.7 213 232 52 9 9 0 0.2 11.20 9.70 11.36 
May 2005 0.22 7.7 241 233 55 11 10 19 0.7 14.00 13.00 14.66 
June 2005 0.17 7.7 226 226 66 10 11 10 1.2 15.00 14.00 16.21 
July 2005 0.16 7.7 238 246 72 11 11 16 1.0 3.70 2.30 4.71 
August 2005 0.16 7.7 231 232 72 10 10 30 0.1 13.00 10.00 13.14 
September 2005 0.15 7.7 230 232 70 10 10 36 0.9 3.80 2.50 4.66 
October 2005 0.30 7.6 206 206 66 10 9 12 0.5 1.90 0.70 2.37 
November 2005 0.25 7.7 222 226 63 9 9  0.5 10.00 8.90 10.45 
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Table 3.5-2 (continued) 
DOUGLAS WWTF 
Douglas, Massachusetts 
Monthly Averages 2004-2006 
 
GENERAL INFLUENT EFFLUENT 
DATE INF PH BOD TSS TEMP BOD TSS FECAL NO2 + NO3 TKN NH3 TN 
MONTH YEAR MGD  MG/L MG/L DEG F MG/L MG/L COLI. MG/L MG/L MG/L MG/L 
December 2005 0.22 7.7 229 268 61 6 8  4.2 5.00 1.10 9.23 
January 2006 0.27 7.7 287 293 61 8 5  2.4 1.70 0.46 4.13 
February 2006 0.23 7.7 221 241 57 8 8  0.6 17.00 16.00 17.60 
March 2006 0.28 7.7 253 386 55 4 3  0.4 2.60 1.80 3.01 
April 2006 0.23 7.7 260 406 59 6 5 10 1.1 4.90 2.50 6.03 
May 2006 0.27 7.7 312 423 61 5 4 17 1.5 3.30 0.79 4.78 
June 2006 0.35 7.7 303 401 63 8 5 22 1.2 1.50 1.10 2.65 
July 2006 0.15 7.8 272 317 66 5 4 3 1.0 2.50 0.96 3.49 
August 2006 0.11 7.1 247 340 70 5 5 3 1.3 2.20 0.47 3.49 
September 2006 0.14 7.7 229 250 70 5 3 6 1.5 1.40 0.60 2.91 
October 2006 0.12 7.7 305 290 70 5 3 4 1.0 2.10 0.99 3.09 
November 2006 0.20 7.7 326 419 65 6 4  8.5 0.93 0.60 9.44 
December 2006 0.17 7.7 293 297 61 5 5  0.0 1.60 0.77 1.62 
Min. Month 0.11 7.09 0 184 51.80 4 3 0 0.02 0.93 0.46 1.62 
Seasonal Average 0.19 7.66 248 266 65.60 8.72 8.83 20.72 1.10 6.28 4.93 7.38 
Average 0.21 7.67 247 266 62.03 8.64 8.53 18.33 1.48 7.18 5.62 8.66 
Max. Month 0.35 7.76 326 423 71.60 12.00 15.00 52.00 8.51 21.00 18.00 21.09 
 
With a current average annual flow of 0.21 mgd and a permitted capacity of 0.60 mgd, this 
facility is operating at 35% of its permitted capacity. 
 
Based on the average BOD concentration of 247 mg/L, this wastewater would be considered 
medium strength.   
 
3. Permit Requirements and Current Performance.  The current permit for this 
facility has been in effect since September 3, 1999.  Monthly permit limits that are relevant to 
this study are shown below in Table 3.5-3 
 
Table 3.5-3 
SELECT MONTHLY PERMIT LIMITS 
 
PARAMETER LIMIT 
BOD5 
     November –April 
     May – October 
 
20 mg/L 
10 mg/L 
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Table 3.5-3 (continued) 
SELECT MONTHLY PERMIT LIMITS 
 
PARAMETER LIMIT 
TSS 
     November –April 
     May – October 
 
20 mg/L 
10 mg/L 
Ammonia-Nitrogen 
     May – October 
 
5 mg/L 
Ammonia, TKN, Nitrate, 
Nitrite Report 
 
Since the new facility was activated in December of 2005, all of the above limits have been met. 
 
4. Nitrogen Removal Performance.  This facility does not collect influent nitrogen 
data.  However, effluent nitrogen data is collected and, as can be seen in Table 3.5-3 the facility 
has met standards for ammonia nearly all the time since the new facility was activated. 
 
C. Nitrogen Removal Alternatives.  The existing maximum month loads over the three-year 
data collection period were used to determine the BioWin input data; one outlier was found in 
the data and not included in the analysis.  The influent data which correspond to maximum-
month loads is shown in Table 3.5-4 below for each permitting scenario.  The minimum 
temperature for the permit condition is also shown.  In addition, due to a lack of influent nitrogen 
data, the TN/BOD ratio was estimated to be 0.18. 
 
Table 3.5-4 
EXISTING INFLUENT PARAMETERS 
 
PERMIT CONDITION PARAMETER VALUE 
Flow, mgd 0.27 
BOD, mg/L 312 
TSS, mg/L 336 
TN, mg/L 56 
Annual Average 
Temperature, F 52 
Flow, mgd 0.27 
BOD, mg/L 312 
TSS, mg/L 336 
TN, mg/L 56 
Seasonal  
Temperature, F 55 
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The existing plant data was then projected to the permitted capacity of the facility to develop 
model input parameters for the average annual and seasonal model runs.  This projected data is 
shown in Table 3.5-5. 
 
Table 3.5-5 
MODEL INPUT PARAMETERS AT PERMITTED CAPACITY 
 
PERMIT CONDITION PARAMETER VALUE 
Flow, mgd 0.77 
BOD, mg/L 312 
TSS, mg/L 336 
TN, mg/L 56 
Annual Average 
Temperature, F 52 
Flow, mgd 0.77 
BOD, mg/L 312 
TSS, mg/L 336 
TN, mg/L 56 
Seasonal 
Temperature, F 55 
 
The model input data was used to run uncalibrated simulations to determine planning level, 
order-of-magnitude costs for implementing different levels of nitrogen reduction at the facility.  
A discussion of operational changes or minor modifications that can be made to the facility to 
improve current nitrogen reduction performance as well as a presentation of the simulation 
results are presented in the following sections.   
 
1. Minor Modifications/Retrofits.  As shown in Table 3.5-2, with the exception of one 
month, the existing facility has achieved effluent nitrogen levels less than 10 mg/L since 
December 2005.  At the current assumed influent TN levels, the existing facility should be able 
to achieve an average effluent nitrogen level of 8 mg/L up to a flow of approximately 0.35 mgd.   
 
2. Modifications Required to Meet TN of 8.  The modifications to the facility that are 
required to meet an effluent TN of 8 mg/L on a seasonal and annual average basis are as follows. 
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a. Seasonal.  At the assumed influent TN levels for this facility, the SBR would be able 
to achieve a seasonal effluent TN level of 8 mg/L by cycling the air to achieve aerobic and 
anoxic conditions.  The BioWin model for this process is as shown in Figure 3.5-2 below.    
 
 
 
 
 
 
 
 
FIGURE 3.5-2:  NITROGEN REMOVAL PROCESS - SEASONAL LIMIT OF 8 mg/L 
 
This process would require a total of two additional SBRs.  Each of the new SBRs would 
be the same size as the existing tanks.  As shown in the site plan in Figure 3.5-3, the site 
has enough space for the additional SBRs.  Specific information regarding the results of 
this analysis is shown in Table 3.5-6 as follows. 
 
Table 3.5-6 
RESULTS FOR SEASONAL LIMIT OF 8 mg/L TN 
 
PARAMETER VALUE 
Total SRT 20 days 
Number of Cycles 5 per day/ basin 
Cycle Duration 4.5 hrs/cycle 
Total Tank Volume 1.35 MG 
Max MLSS at Loading Rate 4500 mg/L 
Effluent TN 8 mg/L 
Methanol Addition No 
Effluent Filtration Required? Existing, no additional 
 
The proposed location for the new SBRs will either be at or across the fence.  This is not 
the property line and thus it is assumed that new tanks can be constructed here and the road 
and fence relocated. 
 
SBR 2
Waste Sludge
Influent Effluent
SBR 1
Post EQ Effl Tank
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In addition to the additional tanks and the equipment required for those tanks, the facility 
will require valve replacements and additional blowers.  Other plant modifications may be 
needed including upgrades to sludge handling processes.  However, all facilities outside of 
the activated sludge process are outside of the scope of this study. 
 
b. Annual Average.  At the assumed influent TN levels for this facility, the SBR would 
be able to achieve an average annual effluent TN level of 8 mg/L by cycling the air to 
achieve aerobic and anoxic conditions.  The BioWin model for this process is as shown in 
Figure 3.5-4 below.    
 
 
 
 
 
 
 
 
FIGURE 3.5-4:  NITROGEN REMOVAL PROCESSES – ANNUAL AVERAGE  
LIMIT OF 8 mg/L 
 
Like the seasonal limit, the annual average limit would require a total of two additional 
SBRs.  Each of the new SBRs would be the same size as the existing tanks.  As shown in 
the site plan in Figure 3.5-3, the site has enough space for the additional SBRs.  Specific 
information regarding the results of this analysis is shown in Table 3.5-7 below. 
 
 
 
 
 
 
 
 
 
(continued) 
SBR 2
Waste Sludge
Influent Effluent
SBR 1
Post EQ Effl Tank
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Table 3.5-7 
RESULTS FOR ANNUAL AVERAGE LIMIT OF 8 mg/L TN 
 
PARAMETER VALUE 
Total SRT 20 days 
Number of Cycles 5 per day/ basin 
Cycle Duration 4.5 hrs/cycle 
Total Tank Volume 1.35 MG 
Max MLSS at Loading Rate 4500 mg/L 
Effluent TN 8 mg/L 
Methanol Addition No 
Effluent Filtration Required? Existing, no additional 
 
The proposed location for the new SBRs will either be at or across the fence.  This is not 
the property line and thus it is assumed that new tanks can be constructed here and the road 
and fence relocated. 
 
In addition to the additional tanks and the equipment required for those tanks, the facility 
will require valve replacements and additional blowers.  Other plant modifications may be 
needed including upgrades to sludge handling processes.  However, all facilities outside of 
the activated sludge process are outside of the scope of this study. 
 
3. Modifications Required to Meet a TN of 5.  The modifications to the facility that 
are required to meet an effluent TN of 5 mg/L on a seasonal and annual average basis are as 
follows. 
 
a. Seasonal.  At the assumed influent TN levels for this facility, the SBR would be able 
to achieve a seasonal effluent TN level of 5 mg/L by cycling the air to achieve aerobic and 
anoxic conditions and by using the existing cloth filtration system for additional particulate 
nitrogen removal.  The BioWin model for this process is as shown in Figure 3.5-5 below.    
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FIGURE 3.5-5:   
NITROGEN REMOVAL PROCESSES – SEASONAL LIMIT OF 5 mg/L 
 
This process would require a total of two additional SBRs.  Each of the new SBRs would 
be the same size as the existing tanks.  As shown in the site plan in Figure 3.5-3, the site 
has enough space for the additional SBRs.  Specific information regarding the results of 
this analysis is shown in Table 3.5-8 below. 
 
Table 3.5-8 
RESULTS FOR SEASONAL LIMIT OF 5 mg/L TN 
 
PARAMETER VALUE 
Total SRT 18 days 
Number of Cycles 4 per day/ basin 
Cycle Duration 6 hrs/cycle 
Total Tank Volume 1.35 MG 
Max MLSS at Loading Rate 4500 mg/L 
Effluent TN 5 mg/L 
Methanol Addition No 
Effluent Filtration Required? Yes, use existing cloth filters 
 
The proposed location for the new SBRs will either be at or across the fence.  This is not 
the property line and thus it is assumed that new tanks can be constructed here and the road 
and fence relocated. 
 
In addition to the additional tanks and the equipment required for those tanks, the facility 
will require valve replacements and additional blowers.  The existing SBRs and post 
SBR 2
Waste Sludge
Influent Effluent
SBR 1
Post EQ Effl Tank
3-58 
equalization capacity can be reused.  Other plant modifications may be needed including 
upgrades to sludge handling processes.  However, all facilities outside of the activated 
sludge process are outside of the scope of this study. 
 
b. Annual Average.  At the assumed influent TN levels for this facility, the SBR would 
be able to achieve an average annual effluent TN level of 5 mg/L by cycling the air to 
achieve aerobic and anoxic conditions and by using the existing cloth filtration system for 
additional particulate nitrogen removal.  The BioWin model for this process is as shown in 
Figure 3.5-6 below.    
 
 
 
 
 
 
 
 
 
FIGURE 3.5-6: 
NITROGEN REMOVAL PROCESSES – ANNUAL AVERAGE LIMIT OF 5 mg/L 
 
Like the seasonal limit, the annual average limit would require a total of two additional 
SBRs.  Each of the new SBRs would be the same size as the existing tanks.  As shown in 
the site plan in Figure 3.5-3, the site appears to have enough space for the additional SBRs.  
Specific information regarding the results of this analysis is shown in Table 3.5-9 as 
follows. 
 
 
 
 
 
 
 
(continued) 
SBR 2
Waste Sludge
Influent Effluent
SBR 1
Post EQ Effl Tank
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Table 3.5-9 
RESULTS FOR ANNUAL AVERAGE LIMIT OF 5 mg/L TN 
 
PARAMETER VALUE 
Total SRT 18 days 
Number of Cycles 4 per day/ basin 
Cycle Duration 6 hrs/cycle 
Total Tank Volume 1.35 MG 
Max MLSS at Loading Rate 4500 mg/L 
Effluent TN 5 mg/L 
Methanol Addition No 
Effluent Filtration Required? Yes, use existing cloth filters 
 
The proposed location for the new SBRs will either be at or across the fence.  This is not 
the property line and thus it is assumed that new tanks can be constructed here and the road 
and fence relocated. 
 
In addition to the additional tanks and the equipment required for those tanks, the facility 
will require valve replacements and additional blowers.  The existing SBRs and post 
equalization capacity can be reused.  Other plant modifications may be needed including 
upgrades to sludge handling processes.  However, all facilities outside of the activated 
sludge process are outside of the scope of this study. 
 
 
 
 
 
 
 
 
 
 
 
 
 
(continued) 
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D. Plant and Cost Summary. 
 
Table 3.5-10 presents flow data for the Douglas WWTF as well as the current nitrogen removal 
performance of the plant.   
 
Table 3.5-10 
PLANT FLOW AND EFFLUENT LIMIT SUMMARY 
 
PARAMETER VALUE 
Permitted Flow (mgd) 0.60 
Existing Flow (2004-6) 0.21 
% of existing capacity 35 
Current average seasonal effluent TN (mg/L)1 3.4 
Current average annual effluent TN (mg/L) 1 5.2 
Permit Limits 
     Seasonal Nitrification (mg/L) 
     Year-round  nitrification (mg/L) 
     Seasonal TN Limit 
     Annual TN Limit 
 
Yes (5) 
No 
No 
No  
 1.  Includes January 2006-December 2006 only, the time since the new plant was activated. 
 
Table 3.5-11 presents the nitrogen removal processes identified in this section to achieve the four 
different permit conditions considered.  Based on the loading conditions established for this 
facility and the subsequent BioWin modeling performed using this data, the facility 
improvements include adding additional SBRs.   
 
Table 3.5-11 
NITROGEN REMOVAL PROCESS SUMMARY FOR DOUGLAS WWTF 
 
MINOR/ 
MODIFICATIONS OR 
RETROFITS 
PROCESS TO ACHIEVE 
SEASONAL  
TN OF 8 MG/L 
PROCESS TO ACHIEVE 
ANNUAL AVERAGE  
TN OF 8 MG/L 
PROCESS TO 
ACHIEVE SEASONAL  
 TN OF 5 MG/L 
PROCESS TO ACHIEVE 
ANNUAL AVERAGE  
TN OF   5 MG/L 
Currently 
achieving nitrogen 
removal 
Cyclical Aeration in 
SBR 
Cyclical Aeration in 
SBR 
Cyclical Aeration 
in SBR 
Cyclical Aeration in 
SBR 
 
The modifications required at Douglas to convert to a new nitrogen removal process are 
summarized in Table 3.5-12.   
 
 
3-61 
Table 3.5-12 
REQUIRED MODIFICATIONS SUMMARY FOR DOUGLAS WWTF 
 
MODIFICATIONS TO 
ACHIEVE SEASONAL 
TN OF 8 MG/L 
MODIFICATIONS TO 
ACHIEVE ANNUAL 
AVERAGE 
TN OF 8 MG/L 
MODIFICATIONS TO 
ACHIEVE SEASONAL 
TN OF 5 MG/L 
MODIFICATIONS TO 
ACHIEVE ANNUAL 
AVERAGE 
TN OF 5 MG/L 
SPECIAL 
CONDITIONS 
2 new SBRs 2 new SBRs 2 new SBRs 2 new SBRs None 
 
The cost estimating procedures established in Section 2 were used to estimate capital, annual 
O&M, and 20-year present worth costs associated with the process changes and facility 
modifications summarized above.  The cost estimates are included in Table 3.5-13.  
 
Table 3.5-13 
COST SUMMARY FOR NITROGEN REMOVAL AT DOUGLAS WWTF1 
 
LIMIT CAPITAL COSTS (IN MILLIONS) 
TOTAL ANNUAL 
COSTS2 
(IN THOUSANDS) 
20-YR PRESENT 
WORTH 
(IN MILLIONS) 
Minor Modifications/Retrofits None n/a n/a 
Seasonal Effluent TN of 8 mg/L $4.4 $72 $5.4 
Annual Average Effluent TN of 8 mg/L $4.4 $79 $5.4 
Seasonal Effluent TN of 5 mg/L $4.4 $72 $5.4 
Annual Average Effluent TN of 5 mg/L $4.4 $79 $5.4 
 
1. It should be noted that these costs represent one method by which this facility can achieve the stated TN 
goals.  It is not intended to be the most cost effective method nor the recommended method, but it 
represents a planning tool for MassDEP to estimate the fiscal impacts of establishing total nitrogen limits.    
2. Represents incremental increase over current conditions. 
 
 
 
 
 
 
 
 
 
 
 
(continued) 
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3.6 UPTON 
 
A. Introduction.  The Upton Wastewater 
Treatment Facility (WWTF) is located at 43 
Maple Avenue in Upton, MA.  It has a 
permitted annual average capacity of 0.4 mgd 
and serves the Town of Upton only.   
 
The Upton WWTF was originally constructed 
in 1971 and included aeration tanks, secondary 
clarifiers and chlorination and dechlorination.  It 
was upgraded in 1999 to include grit removal facilities, solids handling facilities, effluent filters 
and new secondary clarifiers. 
 
B. Existing Facilities. 
 
1. Description of Existing Facilities.  All flow 
is conveyed to the Upton WWTF by gravity to the 
former Control Building structure.  All flow passes 
through a grinder before being pumped to the aerated 
grit chamber.  Sodium aluminate is added to the grit 
chamber for phosphorus removal. 
 
After grit removal, the flow is conveyed by gravity to 
the aeration tanks.  The facility has two aeration tanks.  
Each tank is 40 ft long by 40 ft wide with a 12.5 ft 
sidewater depth.  The tanks have internal baffles that create a serpentine path and have diffused 
aeration.  The aeration tanks are followed by two 10 ft deep, 35 ft diameter secondary clarifiers. 
 
Secondary effluent flows to the downflow sand filters and then to the chlorine contact tank 
before being discharged to an unnamed tributary to the West River.  Sludge is stored in Sludge 
Tanks, thickened in a gravity belt thickener, and then stored again in a thickened sludge tank 
before being hauled off site for disposal.  A process flow schematic is shown in Figure 3.6-1. 
 
 
Aerial photo taken from www.google.com 
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FIGURE 3.6-1:  PROCESS FLOW SCHEMATIC – EXISTING FACILITY 
 
All plant recycle flows are returned to the plant influent prior to entering the former Control 
Building where it is then sampled.  The effluent sampler is located after dechlorination. 
 
The grit chamber, grinder and disinfection are always in use.  The facility normally operates with 
both aeration tanks, one of two secondary clarifiers, and both effluent filters.  The plant does not 
try to suppress nitrification at any time of the year. 
 
There are a total of three employees that cover the treatment facility and pump stations including 
the plant superintendent.  The Town contracts out heavy collection system work such as 
collection system blockages. 
 
Design flows and loads for the most recent upgrade are shown below in Table 3.6-1. 
 
Table 3.6-1 
DESIGN FLOWS AND LOADS 
 
PARAMETER VALUE 
Average Monthly (design flow) 0.40 mgd 
BOD 251 mg/L 
TSS 263 mg/L 
TKN 36 mg/L 
 
Preliminary 
Treatment – 
Screenings 
Grinder, Grit 
Removal 
Aeration 
Tank 
Secondary 
Clarifier 
Chlorine 
Contact 
Tank 
RAS 
WAS 
Sodium 
Aluminate 
Sand 
Filtration 
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2. Summary of Plant Data.  Data from January 2004 through December 2006 was 
provided by the Town for this study.  A summary of the monthly data is shown in Table 3.6-2.  
Seasonal and annual average maximum month data are summarized in the table. 
 
With a current average annual flow of 0.16 mgd and a permitted capacity of 0.40 mgd, this 
facility is operating at 40% of its permitted capacity. 
 
Based on the average BOD concentration of 273 mg/L, this wastewater is slightly higher than 
medium strength.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(continued) 
 
3-65 
Table 3.6-2 
UPTON WWTF 
Upton, Massachusetts 
Monthly Averages 2004-2006 
 
GENERAL INFLUENT  EFFLUENT 
DATE FLOW (LOCAL) PH BOD TSS 
RETURN 
TEMP PH BOD TSS F. COLI NO3  NO2 TKN NH3 TN 
MONTH YEAR GPD  MG/L MG/L DEG C  MG/L MG/L # / 100ML MG/L MG/L MG/L MG/L MG/L 
January 2004 152,461 7.0 245 350 10.0 7.2 6.1 5.5 ND 15.0 ND 1.8 7.00 16.8 
February 2004 140,760 6.9 273 359 9.3 6.8 5.7 5.5 ND 20.0 13.0 20.0 16.70 53.0 
March 2004 158,586 6.9 255 344 9.8 6.7 4.7 3.3 ND 18.0 22.0 18.0 8.80 58.0 
April 2004 250,479 6.8 200 224 10.6 6.6 5.3 3.5 0.5 2.7 4.6 4.4 5.49 11.7 
May 2004 173,034 7.0 229 241 14.7 6.9 4.6 3.3 0.7 2.2 0.7 9.2 7.00 12.1 
June 2004 119,392 6.9 248 306 17.0 6.7 2.9 1.8 2.1 6.7 1.1 0.2 0.31 8.0 
July 2004 93,610 6.9 197 308 20.6 6.9 2.2 1.8 0.6 23.0 ND ND 0.12 23.0 
August 2004 100,745 7.3 297 671 21.1 7.1 2.2 1.6 1.9 19.0 ND ND 0.05 19.0 
September 2004 121,209 7.6 278 534 20.2 7.4 2.8 1.5 4.3 26.0 ND ND 0.05 26.0 
October 2004 134,873 7.6 316 746 17.6 7.3 0.8 2.7 1.3 22.0 ND ND 0.02 22.0 
November 2004 138,761 7.1 333 643 15.7 6.9 2.7 2.5 ND 10.0 0.1 4.4 4.10 14.5 
December 2004 181,000 7.5 266 284 12.4 7.1 6.2 1.6 ND 15.0 0.5 1.8 2.60 17.3 
January 2005 214,819 7.5 203 238 10.5 7.5 5.4 2.5 ND 7.6 0.5 3.8 3.19 11.9 
February 2005 186,555 7.6 248 266 9.8 7.4 7.3 3.2 ND 3.0 0.3 6.8 3.30 10.1 
March 2005 208,162 7.4 303 332 9.5 7.1 2.6 2.3 ND 5.6 0.3 1.5 0.36 7.4 
April 2005 234,876 7.2 263 382 11.3 7.0 1.7 5.9 ND 7.8 ND 0.3 2.70 8.1 
May 2005 189,122 7.3 261 495 13.8 7.2 2.3 3.0 ND 7.2 0.1 6.0 5.80 13.3 
June 2005 142,064 7.2 267 236 17.4 7.1 6.3 2.2 ND 9.3 0.3 62.0 6.93 71.6 
July 2005 111,700 7.2 381 445 19.6 7.2 4.8 1.7 ND 9.2 0.3 5.8 4.77 15.3 
August 2005 101,246 7.1 332 457 21.3 6.9 8.3 1.3 ND 9.4 0.4 4.4 4.50 14.2 
September 2005 101,315 7.2 356 508 21.1 7.5 6.8 1.1 ND 9.6 0.3 2.5 2.30 12.4 
October 2005 245,039 6.9 209 258 18.5 7.0 1.6 1.7 0.6 15.0 0.1 1.7 0.60 16.8 
November 2005 215,000 ND 275 355 14.9 7.1 2.0 1.8 ND 6.4 ND 0.6 0.85 7.0 
December 2005 196,287 7.2 255 404 11.6 7.1 4.5 2.0 ND 9.7 0.0 1.0 0.67 10.7 
January 2006 232,750 7.1 295 394 10.2 6.9 1.7 1.7 ND 7.5 0.0 ND 0.45 7.5 
February 2006 218,561 7.2 311 397 9.8 6.8 3.9 2.3 ND 6.9 0.1 2.2 1.34 9.2 
March 2006 145,283 7.2 370 416 10.4 7.0 3.3 2.5 ND 7.6 0.1 3.8 2.39 11.5 
April 2006 129,174 7.4 307 306 12.8 7.0 2.8 3.4 3.8 11.0 ND 1.3 0.81 12.3 
May 2006 197,856 7.4 281 412 14.4 7.1 2.2 1.6 6.8 17.0 0.1 2.5 0.80 19.6 
June 2006 236,735 6.9 302 335 16.7 6.9 1.4 2.4 2.4 10.0 ND 0.6 0.90 10.6 
July 2006 130,418 7.3 265 470 19.8 7.0 3.9 1.6 1.1 11.0 0.0 1.8 1.23 12.8 
August 2006 112,751 7.4 262 413 21.2 7.2 3.2 1.3 0.1 17.0 0.3 3.6 1.80 20.9 
September 2006 118,514 7.3 234 227 19.1 7.2 1.1 0.9 4.5 14.0 0.0 1.0 0.20 15.0 
October 2006 123,207 7.4 193 245 16.9 7.2 1.3 0.8 1.6 15.0 ND ND 0.21 15.0 
November 2006 176,257 7.3 317 356 14.7 7.3 1.3 0.8 ND 9.3 0.0 0.0 0.14 9.3 
December 2006 160,500 7.3 194 306 12.9 7.2 2.1 0.7 ND 5.8 ND 0.5 0.42 6.3 
Min. Month 93,610 6.8 193 224 9.3 6.6 0.8 0.7 0.1 2.2 0.0 0.0 0.02 6.3 
Seasonal Average 141,824 7 273 406 18 7 3 2 2 13 0 8 2 19 
Average 163,697 7.2 273 379 14.9 7.1 3.6 2.3 2.1 11.4 1.8 5.8 2.75 17.5 
Max. Month 250,479 7.6 381 746 21.3 7.5 8.3 5.9 6.8 26.0 22.0 62.0 16.70 71.6 
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3. Permit Requirements and Current Performance.  The current permit for this 
facility has been in effect since March 1, 2006.  Monthly permit limits that are relevant to this 
study are shown below in Table 3.6-3. 
 
Table 3.6-3 
SELECT MONTHLY PERMIT LIMITS 
 
PARAMETER LIMIT 
BOD5 
     November – April 
     May - October 
 
22 mg/L 
12 mg/L 
TSS 
     November – April 
     May - October 
 
22 mg/L 
12 mg/L 
Ammonia-Nitrogen 
     November – April 
     May - October 
 
7 mg/L 
2.3 mg/L 
Total Nitrogen, TKN, Nitrate, 
Nitrite Report 
 
Since the most recent permit took effect, the plant has met all of the above limits.   
 
4. Nitrogen Removal Performance.  This facility does not collect influent nitrogen 
data.  However, various effluent nitrogen data is collected and can be seen in Table 3.6-2.   
 
It should be noted that although the facility fully nitrifies, it is doing so under stressed conditions 
with winter MLSS levels being well above 4000 mg/L and with very long SRTs.  At the time of 
the site visit, the facility was operating with MLSS levels above 5000 mg/L.   
 
C. Nitrogen Removal Alternatives.  The existing maximum month loads over the three-year 
data collection period were used to determine the BioWin input data; one outlier was found in 
the data and not included in the analysis.  The influent data which correspond to maximum-
month loads is shown in Table 3.6-4 below for each permitting scenario.  The minimum 
temperature for the permit condition is also shown.  In addition, due to a lack of influent nitrogen 
data, the TN/BOD ratio was estimated to be 0.19, and due to a lack of wastewater temperature 
data, the temperatures were assumed.   
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Table 3.6-4 
EXISTING INFLUENT PARAMETERS 
 
PERMIT CONDITIONS PARAMETER VALUE 
Flow, mgd 0.23 
BOD, mg/L 295 
TSS, mg/L 410 
TN, mg/L 55 
Annual Average 
Temperature, F 46 
Flow, mgd 0.20 
BOD, mg/L 281 
TSS, mg/L 390 
TN, mg/L 53 
Seasonal  
Temperature, F 52 
  
The existing plant data was then projected to the permitted capacity of the facility to develop 
model input parameters for the average annual and seasonal model runs.  This projected data is 
shown in Table 3.6-5. 
 
Table 3.6-5 
MODEL INPUT PARAMETERS AT PERMITTED CAPACITY 
 
PERMIT CONDITIONS PARAMETER VALUE 
Flow, mgd 0.57 
BOD, mg/L 295 
TSS, mg/L 410 
TN, mg/L 55 
Annual Average 
Temperature, F 46 
Flow, mgd 0.48 
BOD, mg/L 281 
TSS, mg/L 390 
TN, mg/L 53 
Seasonal 
Temperature, F 52 
 
As was noted previously, this facility has recently been able to fully nitrify, but only by 
maintaining very long SRTs and operating at very high MLSS levels.  Operation under these 
conditions implies that the plant is either overloaded or there may be some inhibition of the 
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nitrification process.  Currently, the facility is operating at approximately 40% of its ultimate 
capacity.  Thus, it is possible that some type of nitrification inhibition is occurring.   
 
As a result, we were unable to develop a model that reasonably represents the current operating 
conditions at the site.  It should be noted that the following results are valid as long as there is no 
inhibition of nitrification occurring at this facility. 
 
The site appears to have space available for at least one new aeration tank.  The options below 
will assume that one new tank can be added. 
 
1. Minor Modifications/Retrofits.  With the facility only able to nitrify by maintaining 
very high MLSS levels in the tanks, there are no operational or minor modifications/retrofits that 
could be implemented at this facility to achieve any appreciable level of nitrogen removal. 
 
2. Modifications Required to Meet TN of 8 mg/L.  The modifications to the facility 
that are required to meet an effluent TN of 8 mg/L on a seasonal and annual average basis are as 
follows. 
 
a. Seasonal.  At the assumed influent TN levels for this facility, an MLE process will 
not accomplish a seasonal effluent TN level of 8 mg/L.  An MLE process is projected to 
yield a seasonal effluent TN of 12 mg/L.  Thus, a Bardenpho process is recommended as 
shown in the BioWin model in Figure 3.6-2 below.  
 
 
 
 
 
 
 
 
 
FIGURE 3.6-2:  NITROGEN REMOVAL PROCESSES - SEASONAL LIMIT OF 8 mg/L 
 
This process would require a total of 3 aeration tanks - 1 new tank in addition to the 
existing two.  The new tank would be the same size as each of the two existing tanks.   
Influent Effluent
Thickener
Sludge to Disposal
Sludge Filtrate
Pre-Anox Post Anox ReaerationAerobic IFAS
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Although the existing clarifiers appear to be adequately sized to handle the future flow and 
loading conditions, it should be noted that the clarifiers at this facility are only ten feet 
deep.  According to TR-16, clarifiers at nitrogen removal facilities should be a minimum of 
13 feet deep.  Because the clarifiers meet the minimum requirements set forth in Section 2, 
they will have to be further evaluated to consider if they will require replacement or 
derating because of the shallow depth.   
 
As shown in the site plan in Figure 3.6-3, the site has enough space for the additional 
aeration tank.  Specific information regarding the results of this analysis is shown in Table 
3.6-6 below. 
 
Table 3.6-6 
RESULTS FOR SEASONAL LIMIT OF 8 mg/L TN 
 
PARAMETER VALUE 
Aerobic SRT 6.7 days 
Total SRT 14 days 
First Anoxic Fraction 21% 
Total Anoxic Fraction 42% 
Reaeration HRT 1.5 hrs 
RAS Rate 100% 
Total Volume 0.45 MG 
Nitrate Recycle Rate 300% 
Max MLSS at loading rate 3000 mg/L 
Effluent TN 8 mg/L 
Methanol Addition No 
Fixed Film Required? No 
Clarifiers? Reuse existing 
Effluent Filtration Required? Existing 
 
 
In addition, other plant modifications may be needed including upgrades to sludge handling 
processes.  However, all facilities outside of the activated sludge process are outside of the 
scope of this study. 
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b. Annual Average.  As indicated above, at the assumed influent TN levels for this 
facility, an MLE process will not accomplish an average annual effluent TN level of 8 
mg/L.  An MLE process is projected to yield an annual average effluent TN of about 12 
mg/L.  Thus, a Bardenpho process is recommended as shown in the BioWin model in 
Figure 3.6-4 below.  It is also recommended that IFAS be added to the aerobic zone to 
allow the system to fully nitrify in the winter. 
 
 
 
 
 
 
 
 
FIGURE 3.6-4: 
NITROGEN REMOVAL PROCESSES – ANNUAL AVERAGE LIMIT OF 8 mg/L 
 
This process would require a total of 3 aeration tanks - one new tank in addition to the 
existing two.  The new tank would be the same size as each of the existing tanks.  The 
media fill volume would be approximately 50% of the aerobic zone.   
 
Although the existing clarifiers appear to be adequately sized to handle the future flow and 
loading conditions, it should be noted that the clarifiers at this facility are only ten feet 
deep.  According to TR-16, clarifiers at nitrogen removal facilities should be a minimum of 
13 feet deep.  Although the clarifiers meet the minimum requirements set forth in Section 
2, they should be further evaluated to consider if they will require replacement or derating 
because of the shallow depth.   
 
As shown in the site plan in Figure 3.6-3, the site appears to have enough space for the 
additional aeration tank.  Specific information regarding the results of this analysis is 
shown in Table 3.6-7 below. 
 
 
 
Influent Effluent
Thickener
Sludge to Disposal
Sludge Filtrate
Pre-Anox Post Anox ReaerationAerobic IFAS
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Table 3.6-7 
RESULTS FOR ANNUAL AVERAGE LIMIT OF 8 mg/L TN 
 
PARAMETER VALUE 
Aerobic SRT 6.7 days 
Total SRT 14 days 
First Anoxic Fraction 21% 
Total Anoxic Fraction 44% 
Reaeration HRT 1.5 hrs 
RAS Rate 100% 
Total Volume 0.45 MG 
Nitrate Recycle Rate 300% 
Max MLSS at loading rate 3700 mg/L 
Effluent TN 8 mg/L 
Methanol Addition No 
Fixed Film Required? Yes, 50% fill 
Clarifiers? Reuse existing 
Effluent Filtration Required? Existing 
 
The inclusion of IFAS in the activated sludge system will necessitate an upgrade to the 
influent screening system.  In addition, other plant modifications may be needed including 
upgrades to sludge handling processes.  However, all facilities outside of the activated 
sludge process are outside of the scope of this study. 
 
3. Modifications Required to Meet a TN of 5 mg/L.  The modifications to the facility 
that are required to meet an effluent TN of 5 mg/L on a seasonal and annual average basis are as 
follows. 
 
a. Seasonal.  At the assumed influent TN levels for this facility, a Bardenpho process 
with methanol addition is recommended to achieve a seasonal effluent TN of 5 mg/L as 
shown in the BioWin model in Figure 3.6-5.    
 
 
 
 
 
(continued) 
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FIGURE 3.6-5:  NITROGEN REMOVAL PROCESSES – SEASONAL LIMIT OF 5 mg/L 
 
This process would require a total of three aeration tanks - one new tank in addition to the 
existing two.  The new tank would be the same size as each of the two existing tanks.   
 
Although the existing clarifiers appear to be adequately sized to handle the future flow and 
loading conditions, it should be noted that the clarifiers at this facility are only ten feet 
deep.  According to TR-16, clarifiers at nitrogen removal facilities should be a minimum of 
13 feet deep.  Although the clarifiers meet the minimum requirements set forth in Section 
2, they should be further evaluated to consider if they will require replacement or derating 
because of the shallow depth.   
 
As shown in the site plan in Figure 3.6-3, the site appears to have enough space for the 
additional aeration tank.  Specific information regarding the results of this analysis is 
shown in Table 3.6-8 below. 
 
 
 
 
 
 
 
 
(continued) 
Aeration 1Influent Effluent
Thickener
Sludge to Disposal
Sludge Filtrate
Pre-Anox Post Anox Reaeration
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Table 3.6-8 
RESULTS FOR SEASONAL LIMIT OF 5 mg/L TN 
 
PARAMETER VALUE 
Aerobic SRT 6.7 days 
Total SRT 14 days 
First Anoxic Fraction 21% 
Total Anoxic Fraction 42% 
Reaeration HRT 1.5 hrs 
RAS Rate 100% 
Total Volume 0.45 MG 
Nitrate Recycle Rate 300% 
Max MLSS at loading rate 3100 mg/L 
Effluent TN 5 mg/L 
Methanol Addition Yes 
Fixed Film Required? No 
Clarifiers? Reuse existing 
Effluent Filtration Required? Existing 
 
In addition, other plant modifications may be needed including upgrades to sludge handling 
processes.  However, all facilities outside of the activated sludge process are outside of the 
scope of this study. 
 
b. Annual Average.  At the assumed influent TN levels for this facility, Bardenpho 
process with methanol addition plus IFAS in the aerobic zone is recommended to achieve 
an annual average TN of 5 mg/L as shown in the BioWin model in Figure 3.6-6. 
 
 
 
 
 
 
 
 
 
FIGURE 3.6-6: 
NITROGEN REMOVAL PROCESSES – ANNUAL AVERAGE LIMIT OF 5 mg/L 
Influent Effluent
Thickener
Sludge to Disposal
Sludge Filtrate
Pre-Anox Post Anox Reaeration
Methanol
Aerobic IFAS
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This process would require a total of three aeration tanks - one new tank in addition to the 
existing two.  The new tank would be the same size as each of the two existing tanks.  The 
media fill volume would be approximately 50% of the aerobic zone.   
 
Although the existing clarifiers appear to be adequately sized to handle the future flow and 
loading conditions, it should be noted that the clarifiers at this facility are only ten feet 
deep.  According to TR-16, clarifiers at nitrogen removal facilities should be a minimum of 
13 feet deep.  Although the clarifiers meet the minimum requirements set forth in Section 
2, they should be further evaluated to consider if they will require replacement or derating 
because of the shallow depth.   
 
As shown in the site plan in Figure 3.6-3, the site appears to have enough space for the 
additional aeration tank.  Specific information regarding the results of this analysis is 
shown in Table 3.6-9 below. 
 
Table 3.6-9 
RESULTS FOR ANNUAL AVERAGE LIMIT OF 5 mg/L TN 
 
PARAMETER VALUE 
Aerobic SRT 6.7 days 
Total SRT 14 days 
First Anoxic Fraction 21% 
Total Anoxic Fraction 44% 
Reaeration HRT 1.5 hrs 
RAS Rate 100% 
Total Volume 0.45 MG 
Nitrate Recycle Rate 300% 
Max MLSS at loading rate 4100 mg/L 
Effluent TN 5 mg/L 
Methanol Addition Yes 
Fixed Film Required? Yes, 50% fill 
Clarifiers? Reuse existing 
Effluent Filtration Required? Existing 
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The inclusion of IFAS in the activated sludge system will necessitate an upgrade to the 
influent screening system.  In addition, other plant modifications may be needed including 
upgrades to sludge handling processes.  However, all facilities outside of the activated 
sludge process are outside of the scope of this study. 
 
D. Plant and Cost Summary.    
 
Table 3.6-10 presents flow data for the Attleboro WWTF as well as the current nitrogen removal 
performance of the plant.   
 
Table 3.6-10 
PLANT FLOW AND EFFLUENT LIMIT SUMMARY 
 
PARAMETER VALUE 
Permitted Flow (mgd) 0.4 
Existing Flow (2004-6) 0.16 
% of existing capacity 40 
Current average seasonal effluent TN (mg/L) 19 
Current average annual effluent TN (mg/L)  17.5 
Permit Limits 
     Seasonal Nitrification (mg/L) 
     Year-round  nitrification (mg/L) 
     Seasonal TN Limit 
     Annual TN Limit 
 
Yes (2.3) 
Yes (2.3-7) 
No 
No 
 
Table 3.6-11 presents the nitrogen removal processes identified in this section to achieve the four 
different permit conditions considered.  Based on the loading conditions established for this 
facility and the subsequent BioWin modeling performed using this data, the facility 
improvements include adding one aeration tank plus using IFAS for both annual average permit 
conditions.   
 
 
 
 
 
 
 
(continued) 
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Table 3.6-11 
NITROGEN REMOVAL PROCESS SUMMARY FOR UPTON WWTF 
 
MINOR/ 
MODIFICATIONS OR 
RETROFITS 
PROCESS TO 
ACHIEVE SEASONAL  
TN OF 8 MG/L 
PROCESS TO ACHIEVE 
ANNUAL AVERAGE  
TN OF 8 MG/L 
PROCESS TO 
ACHIEVE SEASONAL  
TN OF 5 MG/L 
PROCESS TO 
ACHIEVE ANNUAL 
AVERAGE  
TN OF 5 MG/L 
None Bardenpho  Bardenpho with IFAS 
Bardenpho with 
methanol addition 
Bardenpho with 
IFAS and 
methanol 
addition 
 
The modifications required at Upton to convert to a new nitrogen removal process are 
summarized in Table 3.6-12.   
 
Table 3.6-12 
REQUIRED MODIFICATIONS SUMMARY FOR UPTON WWTF 
 
MODIFICATIONS TO 
ACHIEVE SEASONAL  
TN OF 8 MG/L 
MODIFICATIONS TO 
ACHIEVE ANNUAL 
AVERAGE 
TN OF 8 MG/L 
MODIFICATIONS TO 
ACHIEVE SEASONAL  
TN OF 5 MG/L 
MODIFICATIONS TO 
ACHIEVE ANNUAL 
AVERAGE  
TN OF 5 MG/L 
SPECIAL 
CONDITIONS 
1 new aeration tank 1 new aeration tank, add IFAS to all tanks 1 new aeration tank 
1 new aeration tank, 
add IFAS to all tanks None 
 
The cost estimating procedures established in Section 2 were used to estimate capital, annual 
O&M, and 20-year present worth costs associated with the process changes and facility 
modifications summarized above.  The cost estimates are included in Table 3.6-12.  
 
Table 3.6-13 
COST SUMMARY FOR NITROGEN REMOVAL AT UPTON WWTF1 
 
LIMIT CAPITAL COSTS (IN MILLIONS) 
TOTAL ANNUAL 
COSTS2 
(IN THOUSANDS) 
20-YR PRESENT 
WORTH 
(IN MILLIONS) 
Minor Modifications/Retrofits None n/a n/a 
MLE Configured Tanks $2.4 $90 $3.6 
Seasonal Effluent TN of 8 mg/L $5.1 $90 $6.2 
Annual Average Effluent TN of 8 mg/L $7.3 $120 $8.7 
Seasonal Effluent TN of 5 mg/L $5.3 $90 $6.4 
MLE Configured Tanks $4.6 $120 $6.0 
Annual Average Effluent TN of 8 mg/L $7.4 $140 $9.2 
1. It should be noted that these costs represent one method by which this facility can achieve the stated TN 
goals.  It is not intended to be the most cost effective method nor the recommended method, but it 
represents a planning tool for MassDEP to estimate the fiscal impacts of establishing total nitrogen limits.    
2. Represents incremental increase over current conditions. 
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3.7 UXBRIDGE 
 
A. Introduction.  The Uxbridge Wastewater 
Treatment Facility (WWTF) is located at 80 River 
Road in Uxbridge, MA.  It has a permitted average 
annual capacity of 2.5 mgd and serves the Town of 
Uxbridge.  Septage is accepted from a number of 
neighboring towns.   
 
The existing facility went online in 1979 along with the 
collection system.  The facility has not been upgraded 
since its original construction.  Dewatering facilities 
ceased to operate approximately 12-13 yrs ago.   
 
B. Existing Facilities. 
 
1. Description of Existing Facilities.  All flow is pumped to the Uxbridge WWTF from 
the Main Pumping Station which is located onsite.  This flow first passes through an aerated grit 
chamber and then through a screenings grinder.  The flow is then conveyed by gravity to the 
primary settling tanks.   
After primary treatment, the flow is conveyed by 
gravity to the aeration tanks.  
 
The facility has three aeration tanks.  Each tank is 
66 ft long by 30 ft wide with a 14.5 ft sidewater 
depth.  The aeration tanks have diffused aeration.  
The aeration tanks are followed by three 12 ft 
deep, 57 ft diameter secondary clarifiers. 
 
Secondary effluent flows into the chlorine contact 
tanks and then through a cascade for aeration.  After aeration, the plant flow is discharged to the 
Blackstone River.  Primary and waste activated sludges are co-thickened in a gravity thickener 
prior to being hauled off site for disposal.  A process flow schematic is shown in Figure 3.7-1. 
 
Aerial photo taken from www.google.com
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This facility on average receives over 11,000 gallons of septage per day.  The septage is stored in 
a septage storage tank and is then introduced to the waste stream at Preliminary Treatment; 
septage received in quantities that exceed the capacity of the storage tank will overflow to the 
onsite pumping station. 
 
All plant recycle flows are conveyed to the onsite pump station where they are then introduced 
into the plant influent prior to sampling.  Most septage is introduced to the waste stream after the 
influent sampler; the only septage that is present in the influent sample is septage that reaches the 
onsite pumping station by means of overflow.  The effluent sampler is located after disinfection. 
 
 
 
 
 
 
 
 
 
FIGURE 3.7-1: 
PROCESS FLOW SCHEMATIC – EXISTING FACILITY 
 
For the past year and a half, all aeration tanks have been online and operating in a series mode.  
Prior to then, only one aeration tank was operational.  The tanks are set up to operate with 
minimal air in the first tank, full aeration in the second tank and low air in the third tank to try to 
remove some nitrogen. 
 
There are four employees for the wastewater facility and collection system (plus a ½ time 
administrator).  The pump stations have 2 employees who are responsible for their operation and 
maintenance. 
 
Design flows and loads for the most recent upgrade were not made available. 
 
2. Summary of Plant Data.  Data from January 2004 through December 2006 was 
provided by the Town for this study.  A summary of the monthly data is shown in Table 3.7-1.  
Seasonal and annual average maximum month data are summarized in the table. 
Primary 
Sludge 
Preliminary 
Treatment – 
Grit Removal, 
Screenings 
Grinder 
Primary 
Clarifier 
Aeration 
Tank 
Secondary 
Clarifier 
Chlorine 
Contact 
Tank 
RAS 
WAS 
Cascade 
Aeration 
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Table 3.7-1 
UXBRIDGE WWTF 
Uxbridge, Massachusetts 
Monthly Averages 2004-2006 
 
GENERAL INFLUENT EFFLUENT 
DATE FLOW (TOTAL) PH BOD TSS NH3 TEMP ALKALINITY DO PH ALKALINITY BOD TSS F. COLI. NO2  NO3 NH3 
MONTH YEAR MGD  MG/L MG/L MG/L DEG C MG/L CACO3 MG/L  MG/L CACO3 MG/L MG/L # / 100 ML MG/L MG/L MG/L 
January 2004 0.796145 6.81 272.3 539.0 26.65 7.6 7.6 6.85 6.45 16.8 7.3 5.2 ND 0.87 17.63 0.45 
February 2004 0.748500 7.09 380.9 531.8 28.35 8.5 138.4 5.37 6.56 22.7 8.5 4.8 ND 1.39 17.34 0.39 
March 2004 0.800032 7.21 349.7 524.4 26.80 9.9 130.6 6.38 7.13 103.5 22.1 7.8 ND 3.84 8.11 8.79 
April 2004 1.172600 6.87 543.2 496.8 16.15 11.7 70.0 6.77 7.28 90.6 15.7 6.8 116.5 2.13 3.79 7.83 
May 2004 0.986435 6.95 617.8 523.4 19.04 14.6 99.0 6.31 7.24 85.6 8.6 4.5 132.1 2.19 8.56 0.27 
June 2004 0.831883 7.03 326.9 483.5 24.79 16.8 115.1 5.92 7.29 67.3 3.2 3.7 6.1 0.05 21.64 0.07 
July 2004 0.726565 7.04 344.0 451.5 28.53 18.4 132.7 5.88 7.46 69.0 4.2 2.0 ND 0.05 23.74 0.06 
August 2004 0.695097 7.04 424.9 615.3 29.09 19.3 178.2 5.39 7.45 77.2 3.4 1.5 33.1 0.04 24.89 0.14 
September 2004 0.690820 7.09 367.4 499.9 28.04 18.5 152.8 5.80 7.40 71.4 2.5 2.7 182.8 0.10 25.88 0.17 
October 2004 0.823532 7.00 356.1 573.0 25.73 16.4 135.7 6.43 7.42 71.8 3.0 2.0 3.9 0.05 23.18 0.06 
November 2004 0.788303 7.07 444.6 499.6 27.31 14.5 140.9 6.76 7.10 52.4 2.7 2.1 ND 0.04 22.89 0.04 
December 2004 0.966550 6.91 376.3 575.8 20.55 11.7 93.6 7.21 7.06 59.7 4.6 4.8 ND 0.04 17.61 0.05 
January 2005 1.145758 6.87 234.8 336.2 17.83 9.7 84.9 8.48 7.20 67.0 2.2 2.4 ND 0.01 10.49 0.03 
February 2005 1.070018 6.84 239.2 397.9 17.84 9.6 9.6 7.42 7.05 81.8 7.3 4.5 ND 3.37 6.69 1.30 
March 2005 1.083081 6.87 222.9 332.2 18.41 9.6 84.9 7.89 7.01 65.8 4.3 3.2 ND 1.26 14.81 0.88 
April 2005 1.376253 6.75 342.2 371.4 13.17 12.0 73.3 7.85 7.00 56.1 2.8 2.0 5.2 0.02 14.87 0.04 
May 2005 1.023887 6.81 362.7 412.6 16.85 ND 88.4 7.38 7.27 86.0 1.5 1.0 8.5 0.01 11.92 0.04 
June 2005 0.817517 6.90 380.3 440.0 20.49 17.0 121.6 6.47 7.37 107.6 3.9 1.3 1.9 0.03 11.05 0.05 
July 2005 0.677516 6.89 378.0 442.3 23.53 19.3 154.1 6.06 7.47 129.8 3.3 1.8 18.5 0.05 7.99 0.07 
August 2005 0.640968 7.11 409.6 483.0 31.98 20.3 182.7 5.66 7.73 128.4 2.5 1.2 69.3 0.05 7.64 0.08 
September 2005 0.640250 7.15 430.8 640.5 30.27  195.1 5.71 7.67 125.3 1.7 1.3 15.1 0.05 9.22 0.06 
October 2005 1.160903 6.94 257.5 396.7 20.66 17.0 119.4 6.41 7.54 95.5 1.7 1.2 55.1 0.01 7.63 0.05 
November 2005 1.126117 6.86 332.8 483.6 17.55 15.0 82.6 7.00 7.35 78.5 2.7 1.2 ND 0.01 8.40 0.06 
December 2005 1.002242 6.92 313.1 364.4 19.51 11.0 84.1 7.59 7.23 68.9 1.8 0.6 ND 0.01 11.05 0.08 
January 2006 1.145758 6.87 234.8 336.2 15.54 10.4 75.8 8.48 7.20 67.0 2.2 2.4 ND 0.01 10.49 0.03 
February 2006 1.220446 6.81 253.8 382.3 13.61 9.0 68.1 8.44 7.03 51.2 2.7 2.5 ND 0.01 11.78 0.03 
March 2006 0.998032 6.98 313.4 432.2 18.73 10.1 90.5 7.98 7.14 63.0 4.9 2.3 ND 0.07 13.86 0.19 
April 2006 0.841050 7.11 410.2 597.7 23.42 11.7 109.4 6.98 7.11 100.1 5.9 5.8 11.2 0.15 7.71 0.97 
May 2006 1.034968 7.01 378.1 468.6 17.04 13.3 95.1 7.02 7.36 82.7 4.5 1.4 40.1 0.02 8.52 0.08 
June 2006 1.414683 6.71 298.7 476.2 11.79 16.6 74.1 7.23 7.27 81.3 2.0 1.4 17.8 0.01 7.42 0.03 
July 2006 0.992032 6.72 271.4 709.5 18.33 19.8 96.4 7.41 7.36 87.8 2.0 1.5 9.5 0.02 8.59 0.05 
August 2006 0.776952 6.84 351.8 751.8 24.99 20.3 133.4 6.31 7.29 96.8 2.0 3.5 70.8 0.02 9.74 0.04 
September 2006 0.792383 6.94 365.0 546.4 25.72 18.6 136.8 7.28 7.28 92.2 2.1 2.7 98.0 0.02 9.84 0.04 
October 2006 0.734297 7.11 619.8 992.3 28.41 16.5 166.6 6.06 7.38 93.3 2.0 2.7 36.0 0.03 10.98 0.06 
November 2006 0.959185 6.92 505.8 638.8 21.79 15.2 109.5 6.43 7.40 88.4 2.4 2.2 ND 0.02 10.05 0.05 
December 2006 0.926645 6.99 351.9 472.8 20.37 12.7 99.1 6.79 7.31 86.3 2.0 0.9 ND 0.01 8.78 0.05 
Min. Month 0.640250 6.71 222.9 332.2 11.79 7.6 7.6 5.37 6.45 16.8 1.5 0.6 1.9 0.01 3.79 0.03 
Seasonal Average 0.858927 6.96 385.6 550.4 23.63 17.7 132.1 6.37 7.40 91.6 3.0 2.1 47.0 0.16 13.25 0.08 
Average 0.934095 6.94 362.8 506.1 21.91 14.2 109.2 6.82 7.25 79.7 4.3 2.7 46.6 0.45 12.63 0.63 
 Max. Month 1.414683 7.21 619.8 992.3 31.98 20.3 195.1 8.48 7.73 129.8 22.1 7.8 182.8 3.84 25.88 8.79 
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With a current average annual flow of 0.93 mgd and a permitted capacity of 2.5 mgd, this facility 
is operating at almost 40% of its permitted capacity. 
 
Based on the average BOD concentration of 363 mg/L, this wastewater could almost be 
considered a “strong” concentration waste.  The high concentration is due to the contribution of 
septage.   
 
3. Permit Requirements and Current Performance.  The current permit for this 
facility has been in effect since September 30, 1999.  Monthly permit limits that are relevant to 
this study are shown below in Table 3.7-2. 
 
Table 3.7-2 
SELECT MONTHLY PERMIT LIMITS 
 
PARAMETER LIMIT 
(C) BOD5 
     November – May 
     June - October 
 
30 mg/L 
20 mg/L 
TSS 
     November – May 
     June - October 
 
30 mg/L 
20 mg/L 
Ammonia-Nitrogen 
     December – April 
     May, November 
     June - October 
 
15 mg/L 
10 mg/L 
5 mg/L 
Nitrate, Nitrite Report 
 
Over the period of time that data was reviewed for this study, the plant has performed 
exceptionally well and has met all of the above limits. 
 
4. Nitrogen Removal Performance.  This facility collects influent ammonia data.  In 
addition, various effluent nitrogen data is collected and can be seen in Table 3.7-2.   
 
The data shows the success of the nitrogen removal system that has been implemented by the 
personnel at the treatment facility with nitrate concentrations dropping to less than 10 in the 
warmer months. 
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C. Nitrogen Removal Alternatives.  The existing maximum month loads over the three-year 
data collection period were used to determine the BioWin input data; two outliers were found in 
the data and not included in the analysis.  The influent data which correspond to maximum-
month loads is shown in Table 3.7-4 below for each permitting scenario.  The minimum 
temperature for the permit condition is also shown.  The data includes actual data collected from 
the onsite pumping station as well as estimated contributions from septage (there are no flow 
composite samples of influent that include septage).  In addition, nitrogen was estimated by 
using actual influent ammonia concentrations and adding an estimated load from the septage. 
 
Table 3.7-3 
EXISTING INFLUENT PARAMETERS 
 
PERMIT CONDITIONS PARAMETER VALUE 
Flow, mgd 0.96 
BOD, mg/L 506 
TSS, mg/L 705 
TN, mg/L 40 
Annual Average 
Temperature, F 46 
Flow, mgd 0.73 
BOD, mg/L 620 
TSS, mg/L 864 
TN, mg/L 51 
Seasonal  
Temperature, F 56 
  
It should be noted that the model input parameters for this facility were developed differently 
than those for other facilities in this study.  First, the Uxbridge WWTF collects a significant 
amount of septage; this septage impacts the influent concentrations of the facility.  It was 
determined that using ratios (permitted flow to average flow) to estimate the future loads at the 
design capacity of this facility would result in too much of an error since it would also include a 
significant increase in the estimated septage load at the facility.  Thus, in an attempt to maintain 
existing loads and project an increase in wastewater loads only, the average characteristics of the 
influent were estimated and then applied to the net increase in flow between the current flow and 
the capacity of the facility to determine an increase in the loads at this facility.  The resulting 
concentrations were more dilute than the ones shown above.  The result of this analysis yielded 
the model inputs shown in Table 3.7-4. 
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Table 3.7-4 
MODEL INPUT PARAMETERS AT PERMITTED CAPACITY 
 
PERMIT CONDITIONS PARAMETER VALUE 
Flow, mgd 2.57 
BOD, mg/L 375 
TSS, mg/L 523 
TN, mg/L 46 
Annual Average 
Temperature, F 46 
Flow, mgd 1.97 
BOD, mg/L 474 
TSS, mg/L 661 
TN, mg/L 35 
Seasonal 
Temperature, F 56 
 
The model input data was used to run uncalibrated simulations to determine planning level, 
order-of-magnitude costs for implementing different levels of nitrogen reduction at the facility.  
A discussion of operational changes or minor modifications that can be made to the facility to 
improve current nitrogen reduction performance as well as a presentation of the simulation 
results are presented in the following sections.   
 
For the purposes of this study, it was assumed that septage would continue to be combined with 
the incoming wastewater and treated as a liquid waste.  However, septage tends to have a high 
concentration of soluble organic nitrogen and thus how this waste stream is handled in the future 
should receive careful consideration.  One option is that it could be taken out of the liquid 
process stream and combined with and treated with sludge. 
 
It should be noted that there is a significant difference in temperature between the seasonal and 
annual average data.  The low winter temperature is quite low, but does not appear to be an 
outlier.  The temperature difference combined with the strong wastewater concentrations make 
this facility apparently very undersized for achieving the permit conditions at permitted capacity.  
The number of tanks required to accomplish the permit conditions under review in this study will 
be significant.   
 
To the east of the existing aeration tanks is a capped sludge landfill.  It is assumed that part of 
this landfill can be used for additional tanks and that the excavated material would be hauled 
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away to another landfill.  The additional tanks proposed for the site will be limited to eight to 
maintain the tanks in the general vicinity of the existing tanks. 
 
1. Minor Modifications/Retrofits.  As was noted previously, the plant has already 
modified the facility to optimize nitrogen removal through operational changes.  There are no 
additional minor improvements to suggest.   
 
2. Modifications Required to Meet TN of 8.  The modifications to the facility that are 
required to meet an effluent TN of 8 mg/L on a seasonal and annual average basis are as follows.   
 
a. Seasonal.  At the estimated future TN load at this facility, the MLE process will 
achieve a seasonal average TN of 8 mg/L.  The BioWin model for this process is shown in 
Figure 3.7-2 below.  
 
 
 
 
 
 
 
 
FIGURE 3.7-2:  NITROGEN REMOVAL PROCESSES - SEASONAL LIMIT OF 8 mg/L 
 
This configuration would require five additional aeration tanks.  Each of the new tanks 
would be the same size as the three existing tanks.   
 
Although the existing clarifiers appear to be adequately sized to handle the future flow and 
loading conditions, it should be noted that the clarifiers at this facility are twelve feet deep.  
According to TR-16, clarifiers at nitrogen removal facilities should be a minimum of 13 
feet deep.  Because the clarifiers meet the minimum requirements set forth in Section 2, 
they will have to be further evaluated to consider if they will require replacement or 
derating because of the shallow depth. 
 
Influent Effluent
Sludge to Dis
AerationPre-Anoxic
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As shown in the site plan in Figure 3.7-3, the site has enough space for the additional 
aeration tanks.  Specific information regarding the results of this analysis is shown in Table 
3.7-5 below. 
 
Table 3.7-5 
RESULTS FOR SEASONAL LIMIT OF 8 mg/L TN 
 
PARAMETER VALUE 
Aerobic SRT 6.5 days 
Total SRT 8 days 
First Anoxic Fraction 20% 
Total Anoxic Fraction 20% 
Reaeration HRT n/a 
RAS Rate 100% 
Total Volume 1.74 MG 
Nitrate Recycle Rate 400% 
Max MLSS at loading rate 4000 mg/L 
Effluent TN 8 mg/L 
Methanol Addition No 
Fixed Film Required? No 
Clarifiers? Reuse existing 
Effluent Filtration Required? No 
 
The modifications related to the proposed upgrade described above do not appear to require 
any structure demolition.  The aeration tanks can be constructed in portions of the site that 
are currently unused. 
 
Other plant modifications may be needed including upgrades to sludge handling.  However, 
all facilities outside of the activated sludge process are outside of the scope of this study.   
 
b. Annual Average.  Although the facility would be able to accomplish a TN of 8 on an 
average annual basis with the MLE process, the number of tanks required to accomplish 
this would be fourteen.  With so many tanks required, the approach taken was to use the 
aeration volume for nitrification only and to denitrify using a denitrification filter.  This 
approach reduces the number of additional tanks required to eight.  These nitrogen removal 
processes are shown in Figure 3.7-4 as follows.  
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Influent Effluent
Sludge to Dis
Aeration
 
 
FIGURE 3.7-4: 
NITROGEN REMOVAL PROCESSES – ANNUAL AVERAGE LIMIT OF 8 mg/L 
 
The new aeration tanks would be the same size as the existing tanks.  The denitrification 
filter complex would have a footprint of approximately 2750 square feet and four cells each 
approximately sixteen feet by twelve feet.   
 
Although the existing clarifiers appear to be adequately sized to handle the future flow and 
loading conditions, it should be noted that the clarifiers at this facility are twelve feet deep.  
According to TR-16, clarifiers at nitrogen removal facilities should be a minimum of 13 
feet deep.  Because the clarifiers meet the minimum requirements set forth in Section 2, 
they will have to be further evaluated to consider if they will require replacement or 
derating because of the shallow depth. 
 
As shown in the site plan in Figure 3.7-5, the site has enough space for the additional 
aeration tanks and the denitrification filter.  Specific information regarding the modeling 
results are shown in Table 3.7-6 as follows. 
 
 
 
 
 
 
(continued) 
Denitrification 
Filters 
Methanol  
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Table 3.7-6 
RESULTS FOR ANNUAL AVERAGE LIMIT OF 8 mg/L TN 
 
PARAMETER VALUE 
Aerobic SRT 11 days 
Total SRT 11 days 
First Anoxic Fraction n/a 
Total Anoxic Fraction n/a 
Reaeration HRT n/a 
RAS Rate 100% 
Total Volume 2.4 MG 
Nitrate Recycle Rate n/a 
Max MLSS at loading rate 3900 mg/L 
Effluent TN 8 mg/L 
Methanol Addition Yes, in denitrification filter 
Fixed Film Required? No 
Clarifiers? Reuse existing 
Effluent Filtration Required? Yes, denitrification filter 
 
The modifications related to the proposed upgrade described above do not appear to require 
any structure demolition.  The aeration tanks and denitrification filter can be constructed in 
portions of the site that are currently unused.    
 
Other plant modifications may be needed including upgrades to sludge handling.  However, 
all facilities outside of the activated sludge process are outside of the scope of this study.   
 
3. Modifications Required to Meet a TN of 5 mg/L.  The modifications to the facility 
that are required to meet an effluent TN of 5 mg/L on a seasonal and annual average basis are as 
follows. 
 
a. Seasonal.  At the estimated future TN load at this facility, the Bardenpho process will 
achieve a seasonal average TN of 5 mg/L.  The BioWin model for this process is shown in 
Figure 3.7-6 as follows.  
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FIGURE 3.7-6:  NITROGEN REMOVAL PROCESSES – SEASONAL LIMIT OF 5 mg/L 
 
This configuration would require seven additional aeration tanks.  The new tanks would be 
the same size as each of the existing tanks.   
 
Although the existing clarifiers appear to be adequately sized to handle the future flow and 
loading conditions, it should be noted that the clarifiers at this facility are twelve feet deep.  
According to TR-16, clarifiers at nitrogen removal facilities should be a minimum of 13 
feet deep.  Because the clarifiers meet the minimum requirements set forth in Section 2, 
they will have to be further evaluated to consider if they will require replacement or 
derating because of the shallow depth.     
 
As shown in the site plan in Figure 3.7-7, the site has enough space for the additional 
aeration tanks.  Specific information regarding the results of this analysis is shown in Table 
3.7-7 as follows. 
 
 
 
 
 
 
 
 
 
 
 
 
(continued) 
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Table 3.7-7 
RESULTS FOR SEASONAL LIMIT OF 5 mg/L TN 
 
PARAMETER VALUE 
Aerobic SRT 7 days 
Total SRT 10 days 
First Anoxic Fraction 12% 
Total Anoxic Fraction 29% 
Reaeration HRT 1.5 hr 
RAS Rate 100% 
Total Volume 2.18 MG 
Nitrate Recycle Rate 300% 
Max MLSS at Loading Rate 3800 mg/L 
Effluent TN 5 mg/L 
Methanol Addition No 
Fixed Film Required? No 
Clarifiers? Reuse existing 
Effluent Filtration Required? No 
 
The modifications related to the proposed upgrade described above do not appear to require 
any structure demolition.  The aeration tanks can be constructed in portions of the site that 
are currently unused. 
 
Other plant modifications may be needed including upgrades to sludge handling.  However, 
all facilities outside of the activated sludge process are outside of the scope of this study.   
 
b. Annual Average.  Although the facility would be able to accomplish a TN of 5 on an 
average annual basis with the Bardenpho process, the number of tanks required to 
accomplish this would be sixteen.  With so many tanks required, the approach taken was to 
use the aeration volume for nitrification only and to denitrify using a denitrification filter.  
This approach reduces the number of additional tanks required to eight.  These nitrogen 
removal processes are shown in Figure 3.7-8 as follows.  
 
 
 
 
(continued) 
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FIGURE 3.7-8: 
NITROGEN REMOVAL PROCESSES – ANNUAL AVERAGE LIMIT OF 5 mg/L 
 
The new aeration tanks would be the same size as the existing ones.  The denitrification 
filter complex would have a footprint of approximately 2750 square feet and four cells each 
approximately sixteen feet by twelve feet.   
 
Although the existing clarifiers appear to be adequately sized to handle the future flow and 
loading conditions, it should be noted that the clarifiers at this facility are twelve feet deep.  
According to TR-16, clarifiers at nitrogen removal facilities should be a minimum of 13 
feet deep.  Because the clarifiers meet the minimum requirements set forth in Section 2, 
they will have to be further evaluated to consider if they will require replacement or 
derating because of the shallow depth.     
 
As shown in the site plan in Figure 3.7-5, the site appears to have enough space for the 
additional aeration tanks and the denitrification filter.  Specific information regarding the 
results of this analysis is shown in Table 3.7-8 as follows. 
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Table 3.7-8 
RESULTS FOR ANNUAL AVERAGE LIMIT OF 5 mg/L TN 
 
PARAMETER VALUE 
Aerobic SRT 11 days 
Total SRT 11 days 
First Anoxic Fraction n/a 
Total Anoxic Fraction n/a 
Reaeration HRT n/a 
RAS Rate 100% 
Total Volume 2.4 MG 
Nitrate Recycle Rate n/a 
Max MLSS at loading rate 3900 mg/L 
Effluent TN 5 mg/L 
Methanol Addition Yes, in denitrification filter 
Fixed Film Required? No 
Clarifiers? Reuse existing 
Effluent Filtration Required? Yes, denitrification filter 
 
The modifications related to the proposed upgrade described above do not appear to require 
any structure demolition.  The aeration tanks and denitrification filter can be constructed in 
portions of the site that are currently unused. 
 
Other plant modifications may be needed including upgrades to sludge handling.  However, 
all facilities outside of the activated sludge process are outside of the scope of this study.   
 
D. Plant and Cost Summary. 
 
Table 3.7-9 presents flow data for the Uxbridge WWTF as well as the current nitrogen removal 
performance of the plant.   
 
 
 
 
 
 
 
(continued) 
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Table 3.7-9 
PLANT FLOW AND EFFLUENT LIMIT SUMMARY 
 
PARAMETER VALUE 
Permitted Flow (mgd) 2.5 
Existing Flow (2004-6) 0.93 
% of existing capacity 37 
Current average seasonal effluent TN (mg/L) 15.1 
Current average annual effluent TN (mg/L)  13.7 
Permit Limits 
     Seasonal Nitrification (mg/L) 
     Year-round  nitrification (mg/L) 
     Seasonal TN Limit 
     Annual TN Limit 
 
Yes (5-10) 
Yes (5-15) 
No 
No 
 
Table 3.7-10 presents the nitrogen removal processes identified in this section to achieve the four 
different permit conditions considered.  Based on the loading conditions established for this 
facility and the subsequent BioWin modeling performed using this data, the facility 
improvements include adding a number of additional aeration tanks and, for the annual average 
limits, a denitrification filter.  It should be noted that the plant has a wastewater concentration 
that would be considered a medium to high strength waste and has cold winter temperatures that 
together lead to significant upgrade requirements.   
 
Table 3.7-10 
NITROGEN REMOVAL PROCESS SUMMARY FOR UXBRIDGE WWTF 
 
MINOR/ 
MODIFICATIONS 
OR RETROFITS 
PROCESS TO 
ACHIEVE 
SEASONAL  
TN OF 8 MG/L 
PROCESS TO 
ACHIEVE ANNUAL 
AVERAGE  
TN OF 8 MG/L 
PROCESS TO 
ACHIEVE 
SEASONAL  
 TN OF 5 MG/L 
PROCESS TO 
ACHIEVE 
ANNUAL 
AVERAGE  
TN OF   5 MG/L 
Currently 
implemented MLE  
Nitrification in 
aeration tanks 
with 
denitrification 
filters 
Bardenpho  
Nitrification in 
aeration tanks 
with 
denitrification 
filters 
 
The modifications required at Uxbridge to convert to a new nitrogen removal process are 
summarized in Table 3.7-11.   
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Table 3.7-11 
REQUIRED MODIFICATIONS SUMMARY FOR UXBRIDGE WWTF 
 
MODIFICATIONS TO 
ACHIEVE SEASONAL  
TN OF 8 MG/L 
MODIFICATIONS TO 
ACHIEVE ANNUAL 
AVERAGE 
TN OF 8 MG/L 
MODIFICATIONS TO 
ACHIEVE SEASONAL  
TN OF 5 MG/L 
MODIFICATIONS TO 
ACHIEVE ANNUAL 
AVERAGE  
TN OF 5 MG/L 
SPECIAL 
CONDITIONS 
5 new aeration tanks 
8 new aeration tanks 
and a denitrification 
filter 
7 new aeration tanks 
8 new aeration tanks 
and a denitrification 
filter 
None 
 
The cost estimating procedures established in Section 2 were used to estimate capital, annual 
O&M, and 20-year present worth costs associated with the process changes and facility 
modifications summarized above.  The cost estimates are included in Table 3.7-11.  
 
Table 3.7-12 
COST SUMMARY FOR NITROGEN REMOVAL AT UXBRIDGE WWTF1 
 
LIMIT CAPITAL COSTS (IN MILLIONS) 
TOTAL ANNUAL 
COSTS2 
(IN THOUSANDS) 
20-YR PRESENT 
WORTH 
(IN MILLIONS) 
Minor Modifications/Retrofits None n/a n/a 
Seasonal Effluent TN of 8 mg/L $25 $300 $29 
Annual Average Effluent TN of 8 mg/L $44 $500 $50 
Seasonal Effluent TN of 5 mg/L $32 $310 $36 
Annual Average Effluent TN of 5 mg/L $44 $500 $50 
 
1. It should be noted that these costs represent one method by which this facility can achieve the stated TN 
goals.  It is not intended to be the most cost effective method nor the recommended method, but it 
represents a planning tool for MassDEP to estimate the fiscal impacts of establishing total nitrogen limits.    
2. Represents incremental increase over current conditions. 
 
 
 
 
 
 
 
 
 
(continued) 
Section 3b 
Blackstone River Watershed
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3.8 HOPEDALE 
 
A. Introduction.  The Hopedale Wastewater 
Treatment Facility (WWTF) is located at 154 
Mendon Street in Hopedale, MA.  It has a permitted 
average annual capacity of 0.588 mgd and serves the 
Town of Hopedale only.  Only septage from 
Hopedale is accepted at this facility.   
 
The existing facility was built in 1983.  Prior to 
1983, a primary treatment facility existed on the site.  Changes that have occurred since 1983 
include the addition of ultraviolet disinfection, the addition of fine bubble aeration and sludge 
processing at the facility has ceased. 
 
B. Existing Facilities.   
 
1. Description of Existing Facilities.  All flow is conveyed to the Hopedale 
Wastewater Treatment Facility (WWTF) by gravity where it enters the Influent Pump Station.  
This structure contains the influent pumps and a 
screenings grinder with a manual bypass rack.  From 
there, flow is conveyed to a vortex grit removal 
system.  
 
After grit removal, ferric chloride is added to the raw 
wastewater for removal of phosphorus in the primary 
clarifiers.  After primary clarification, the primary 
effluent flows by gravity to the aeration tanks. 
 
 
The facility has two aeration tanks.  Each tank is 100 
ft long by 15 ft wide with a 10 ft sidewater depth.  The tanks have coarse bubble aeration.  The 
aeration tanks are followed by two 8 ft deep, 35 ft diameter secondary clarifiers. 
 
Aerial photo taken from www.google.com
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Secondary effluent flows to a UV disinfection unit prior to being discharged to the Mill River.  
Sludge is stored in sludge tanks and then hauled off site for disposal.  A process flow schematic 
is shown in Figure 3.8-1. 
FIGURE 3.8-1:  PROCESS FLOW SCHEMATIC – EXISTING FACILITY 
 
All plant recycle flows are returned to the Influent Building.  Septage is introduced to the 
wastewater stream at the Influent Building also.  Most of the time, the plant wastes activated 
sludge to the primary clarifiers for co-settling.  The influent sampler at this facility is located 
downstream of the grit removal facility and thus all plant flows including internal recycle flows 
are included in the plant influent loads.  
 
All process tanks are in use at all times.  The plant does not try to suppress nitrification at any 
time of the year. 
 
The plant has three full-time employees, one administrator and one half time laborer.  This crew 
serves the plant and pump stations.  
 
Design flows and loads for the most recent upgrade were not made available. 
 
2. Summary of Plant Data.  Data from January 2004 through December 2006 was 
provided by the Town for this study.  A summary of the monthly data is shown in Table 3.8-1.  
Seasonal and annual average and maximum month data is summarized in the table. 
Primary 
and WAS  
Sludge 
Preliminary 
Treatment – 
Grinder with 
bypass rack, 
Grit Removal 
Primary 
Clarifier 
Aeration 
Tank 
Secondary 
Clarifier 
UV  
Disinfection 
RAS 
WAS 
Ferric 
Chloride  
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Table 3.8-1 
HOPEDALE WWTF 
Hopedale, Massachusetts 
Monthly Averages 2004-2006 
 
GENERAL INFLUENT AERATION SYSTEM EFFLUENT 
DATE TEMP INF BOD TSS BOD TSS MLSS MLVSS RAS WAS BOD BOD TSS PH NH3 
MONTH YEAR OF MGD MG/L MG/L MG/L MG/L MG/L MG/L MGD GD MG/L % MG/L  MG/L 
January 2004 52.0 0.2700 222.8 147.6 169 58 2615 2281 0.307 9,652 17.600 92.100 9.300 6.620 5.300 
February 2004 50.0 0.2680 324.1 183.3 227 73 2256 1985 0.287 8,376 18.800 94.200 8.800 6.770 9.200 
March 2004 52.0 0.3330 250.5 161.3 199 76 2228 1869 0.251 6,800 22.800 90.900 10.000 6.840 6.700 
April 2004 53.0 0.6190 276.9 106.1 155 43 1685 1302 0.252 3,380 25.200 90.900 12.200 6.760 3.400 
May 2004 59.0 0.4310 284.8 170.8 178 81 2154 1608 0.268 4,781 9.400 96.700 12.300 6.990 3.700 
June 2004 64.0 0.3560 650.0 500.0 182 87 2584 1940 0.314 8,057 22.100 96.600 15.000 7.360 2.380 
July 2004 68.0 0.3310 283.3 274.3 154 120 3110 2365 0.288 12,742 10.200 96.400 9.600 7.140 1.200 
August 2004 69.0 0.3150 232.7 268.3 123 98 3326 2410 0.340 9,171 12.100 94.800 11.000 7.040 0.980 
September 2004 68.0 0.3700 330.0 213.6 189 153 3503 2500 0.326 10,057 9.900 97.000 9.400 6.960 1.300 
October 2004 63.0 0.3430 364.0 144.1 210 100 2778 1977 0.256 9,055 9.100 97.500 9.800 6.760 4.780 
November 2004 58.0 0.2940 406.7 246.9 287 113 2967 2426 0.270 9,000 12.200 97.000 12.100 6.510 3.400 
December 2004 53.0 0.3990 243.0 149.4 217 59 2286 1953 0.262 7,465 20.900 91.400 13.000 6.590 5.700 
January 2005 48.0 0.3990 307.1 150.6 217 60 1557 1305 0.265 7,348 12.900 95.800 13.100 6.980 7.300 
February 2005 47.0 0.3730 328.3 118.2 202 59 1885 1601 0.305 9,336 15.100 95.400 10.400 7.180 9.000 
March 2005 48.0 0.3520 275.0 161.6 157 62 2415 2063 0.329 9,171 12.100 95.600 13.900 7.120 7.500 
April 2005 52.0 0.6440 204.0 80.7 173 59 2450 2113 0.320 8,363 15.300 92.500 8.800 6.940 14.100 
May 2005 57.0 0.6060 271.1 73.2 202 59 3040 2486 0.315 10,213 20.600 92.400 9.300 6.530 1.100 
June 2005 64.0 0.2570 364.5 165.2 210 73 2982 2232 0.290 10,540 11.300 96.900 7.600 6.500 0.890 
July 2005 70.0 0.2170 103.2 600.0 172 62 2456 1840 0.300 13,798 3.200 96.900 4.800 6.680 1.240 
August 2005 75.2 0.2010 475.0 898.9 264 134 4034 2953 0.400 5,216 11.400 97.600 8.000 6.710 1.090 
September 2005 71.6 0.1550 153.1 465.2 344 91 3031 2162 0.285 1,510 7.500 95.100 10.700 6.620 1.470 
October 2005 64.2 0.4993 152.8 200.0 115 74 3081 2184 0.397 3,880 6.416 95.800 7.520 6.520 0.248 
November 2005 60.4 0.5050 196.6 170.2 188 76 3219 2402 0.375 1,420 12.780 93.500 16.000 6.600 0.108 
December 2005 55.4 0.5409 220.6 160.7 175 61 4338 3448 0.387 2,200 13.680 93.800 13.175 6.910 0.105 
January 2006 55.4 0.6444 189.9 135.1 117 58 2886 2410 0.305 2,797 13.100 93.100 17.700 6.720 0.213 
February 2006 51.6 0.5985 146.8 148.0 120 50 2211 1878 0.311 1,767 11.450 92.200 7.550 6.720 6.370 
March 2006 51.4 0.3318 334.5 350.0 245 83 3321 2831 0.202 2,177 9.700 97.100 7.000 6.850 11.000 
April 2006 55.4 0.3398 217.0 243.1 202 109 2685 2132 0.197 2,200 11.500 94.700 12.400 7.090 9.500 
May 2006 52.2 0.5372 232.7 322.3 127 90 2387 1839 0.288 1,245 7.680 96.700 8.380 6.590 4.360 
June 2006 62.2 0.7601 136.4 157.9 118 65 2029 1456 0.309 1,427 12.000 91.200 18.000 6.540 1.190 
July 2006 66.9 0.2822 310.0 410.0 194 72 2179 1615 0.311 2,387 9.300 97.000 8.200 6.800 0.300 
August 2006 55.4 0.2297 520.0 350.0 170 97 2705 1967 0.381 2,581 5.200 99.000 7.000 6.500 0.400 
September 2006 68.0 0.2809 530.0 435.0 140 84 3209 2344 0.387 1,900 5.300 99.000 8.700 6.600 0.100 
October 2006 64.9 0.2962 350.0 400.0 183 96 2218 1634 0.336 2,194 7.000 98.000 8.000 6.500 0.300 
November 2006 60.8 0.5281 300.0 225.0 140 81 1881 1441 0.321 567 9.000 97.000 9.000 6.600 0.200 
December 2006 56.5 0.4535 392.0 242.9 188 81 1732 1173 0.376 733 19.600 95.000 17.000 6.800 1.650 
Min. Month 47.0 0.1550 103.2 73.2 115 43 1557 1173 0.197 567 3.200 90.900 4.800 6.500 0.100 
Seasonal Average 64.6 0.4 319.1 336.1 181.9 90.9 2823 2084 0.3 6153 10.0 96.4 9.6 6.7 1.5 
Average 59.0 0.399 293.9 256.4 185 80 2651 2059 0.309 5653 12.595 95.189 10.687 6.776 3.549 
Max. Month 75.2 0.7601 650.0 898.9 344 153 4338 3448 0.400 13798 25.200 99.000 18.000 7.360 14.100 
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With a current average annual flow of 0.40 mgd and a permitted capacity of 0.588 mgd, this 
facility is operating at 68% of its permitted capacity. 
 
Based on the average BOD concentration of 294 mg/L, this wastewater is slightly higher than 
medium strength.   
 
3. Permit Requirements and Current Performance.  The current permit for this 
facility has been in effect since September 3, 1999.  Monthly permit limits that are relevant to 
this study are shown below in Table 3.8-2. 
 
Table 3.8-2 
SELECT MONTHLY PERMIT LIMITS 
 
PARAMETER LIMIT 
BOD5 
     November – May 
     June - October 
 
30 mg/L 
15 mg/L 
TSS 
     November – May 
     June - October 
 
30 mg/L 
15 mg/L 
Total Ammonia 
     November – April 
     May 
     June - October 
 
11 mg/L 
5 mg/L 
2 mg/L 
 
The plant meets permit nearly every month with a single BOD excursion and three ammonia 
excursions in the past three years. 
 
4. Nitrogen Removal Performance.  This facility does not collect influent nitrogen 
data.  However, effluent ammonia data is collected and as can be seen in Table 3.8-1, the facility 
fully nitrifies at times. 
 
C. Nitrogen Removal Alternatives.  The existing maximum month loads over the three-year 
data collection period were used to determine the BioWin input data; one outlier was found in 
the data and not included in the analysis.  The influent data which correspond to maximum-
month loads is shown in Table 3.8-3 below for each permitting scenario.  In addition, due to a 
lack of influent nitrogen data, the TN/BOD ratio was estimated to be 0.20 
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Table 3.8-3 
EXISTING INFLUENT PARAMETERS 
 
PERMIT CONDITIONS PARAMETER VALUE 
Flow, mgd 0.45 
BOD, mg/L 392 
TSS, mg/L 342 
TN, mg/L 77 
Annual Average 
Temperature, F 47 
Flow, mgd 0.61 
BOD, mg/L 271 
TSS, mg/L 237 
TN, mg/L 53 
Seasonal  
Temperature, F 52 
  
The existing plant data was then projected to the permitted capacity of the facility to develop 
model input parameters for the average annual and seasonal model runs.  This projected data is 
shown in Table 3.8-4. 
 
Table 3.8-4 
MODEL INPUT PARAMETERS AT PERMITTED CAPACITY 
 
PERMIT CONDITIONS PARAMETER VALUE 
Flow, mgd 0.67 
BOD, mg/L 392 
TSS, mg/L 342 
TN, mg/L 77 
Annual Average 
Temperature, F 47 
Flow, mgd 0.89 
BOD, mg/L 271 
TSS, mg/L 237 
TN, mg/L 53 
Seasonal  
Temperature, F 52 
 
The model input data was used to run uncalibrated simulations to determine planning level, 
order-of-magnitude costs for implementing different levels of nitrogen reduction at the facility.  
A discussion of operational changes or minor modifications that can be made to the facility to 
improve current nitrogen reduction performance as well as a presentation of the simulation 
results are presented in the following sections.   
3-98 
 
1. Minor Modifications/Retrofits.  At the current assumed influent TN levels, there are 
no operational or minor modifications/retrofits that could be implemented at this facility to 
achieve any appreciable level of nitrogen removal. 
 
2. Modifications Required to Meet TN of 8.  The modifications to the facility that are 
required to meet an effluent TN of 8 mg/L on a seasonal and annual average basis are as follows. 
 
a. Seasonal.  At the assumed influent TN levels for this facility, an MLE process 
will not accomplish a seasonal effluent TN level of 8 mg/L.  The MLE process will 
yield a seasonal effluent TN of 18-20 mg/L.  Thus, a Bardenpho process with 
methanol addition is recommended as shown in the BioWin model in Figure 3.8-2 
below.   
 
 
 
 
 
 
 
 
FIGURE 3.8-2:  NITROGEN REMOVAL PROCESSES - SEASONAL LIMIT OF 8 mg/L 
 
This process would require a total of 9 aeration tanks - 7 new tanks in addition to the 
existing two.  The new tanks would be the same size as each of the two existing 
tanks.   
 
In addition to the new aeration tanks and in accordance with Section 2, the existing 
secondary clarifiers are too shallow (eight feet deep) and will require replacement.  
Two 13 ft deep clarifiers of the same diameter as the existing will suit the future 
flows and loads of the facility.  
 
As shown in the site plan in Figure 3.8-3, the site has enough space for the additional 
aeration tanks and new clarifiers.  Specific information regarding the results of this 
analysis is shown in Table 3.8-5 below. 
Influent Effluent
Sludge to Disposal
Pre-Anoxic Aerobic Post-Anoxic Re-Aeration
Methanol
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Table 3.8-5 
RESULTS FOR SEASONAL LIMIT OF 8 mg/L TN 
 
PARAMETER VALUE 
Aerobic SRT 9.5 days 
Total SRT 15 days 
First Anoxic Fraction 18% 
Total Anoxic Fraction 38% 
Reaeration HRT 1 hr 
RAS Rate 100% 
Total Volume 1.0 MG 
Nitrate Recycle Rate 300% 
Max MLSS at loading rate 3400 mg/L 
Effluent TN 8 mg/L 
Methanol Addition Yes 
Fixed Film Required? No 
Clarifiers? Existing clarifiers are too shallow, construct new ones 
Effluent Filtration Required? No 
 
  The modifications related to the proposed upgrades described above do not appear to 
require any structure demolition.  The new aeration tanks and clarifiers can be 
constructed in portions of the site that are currently unused. 
 
Other plant modifications may be needed including upgrades to sludge handling to 
accommodate the higher sludge production.  However, all facilities outside of the 
activated sludge process are outside of the scope of this study.   
 
b. Annual Average.  As indicated above, at the assumed influent TN levels for 
this facility, an MLE process will not accomplish an average annual effluent TN level 
of 8 mg/L.  The MLE process will yield an annual average effluent TN of about 16 
mg/L.  Thus, the Bardenpho process with methanol addition is recommended as 
shown in the BioWin model in Figure 3.8-4 as follows.   
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FIGURE 3.8-4:  NITROGEN REMOVAL PROCESSES – ANNUAL AVERAGE  
LIMIT OF 8 mg/L 
 
This process would require a total of ten aeration tanks - eight new tanks in addition 
to the existing two.  The new tanks would be the same size as each of the existing 
tanks.   
 
In addition to the new aeration tanks and in accordance with Section 2, the existing 
secondary clarifiers are too shallow and will require replacement.  Two 13 ft deep 
clarifiers of the same diameter as the existing will suit the future flows and loads of 
the facility.  
 
As shown in the site plan in Figure 3.8-5, the site appears to have enough space for 
the additional aeration tanks.  Specific information regarding the results of this 
analysis is shown in Table 3.8-6 as follows. 
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Influent Effluent
Sludge to Disposal
Pre-Anoxic Aerobic Post-Anoxic Re-Aeration 
Methanol
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Table 3.8-6 
RESULTS FOR ANNUAL AVERAGE LIMIT OF 8 mg/L TN 
 
PARAMETER VALUE 
Aerobic SRT 11 days 
Total SRT 18 days 
First Anoxic Fraction 18% 
Total Anoxic Fraction 37% 
Reaeration HRT 1 hr 
RAS Rate 100% 
Total Volume 1.12 MG 
Nitrate Recycle Rate 300% 
Max MLSS at loading rate 3600 mg/L 
Effluent TN 8 mg/L 
Methanol Addition Yes 
Fixed Film Required? No 
Clarifiers? Existing clarifiers are too shallow, construct new ones 
Effluent Filtration Required? No 
 
  The modifications related to the proposed upgrades described above do not appear to 
require any structure demolition.  The new aeration tanks and clarifiers can be 
constructed in portions of the site that are currently unused. 
 
Other plant modifications may be needed including upgrades to sludge handling to 
accommodate the higher sludge production.  However, all facilities outside of the 
activated sludge process are outside of the scope of this study.   
 
3. Modifications Required to Meet a TN of 5 mg/L.  The modifications to the facility 
that are required to meet an effluent TN of 5 mg/L on a seasonal and annual average basis are as 
follows. 
 
a. Seasonal.  At the assumed influent TN levels for this facility, Bardenpho 
process with methanol addition is recommended to achieve a seasonal effluent TN of 
5 mg/L as shown in the BioWin model in Figure 3.8-6.    
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FIGURE 3.8-6:  NITROGEN REMOVAL PROCESSES – SEASONAL  
LIMIT OF 5 mg/L 
 
This process would require a total of 9 aeration tanks - 7 new tanks in addition to the 
existing two.  The new tanks would be the same size as each of the two existing 
tanks.   
 
In addition to the new aeration tanks and in accordance with Section 2, the existing 
secondary clarifiers are too shallow and will require replacement.  Two 13 ft deep 
clarifiers of the same diameter as the existing will suit the future flows and loads of 
the facility.  
 
As shown in the site plan in Figure 3.8-3, the site appears to have enough space for 
the additional aeration tanks.  Specific information regarding the results of this 
analysis is shown in Table 3.8-7 as follows. 
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Influent Effluent 
Sludge to Disposal
Pre-Anoxic Aerobic Post-Anoxic Re-Aeration
Methanol
3-103 
Table 3.8-7 
RESULTS FOR SEASONAL LIMIT OF 5 mg/L TN 
 
PARAMETER VALUE 
Aerobic SRT 9.5 days 
Total SRT 15 days 
First Anoxic Fraction 18% 
Total Anoxic Fraction 38% 
Reaeration HRT 1 hr 
RAS Rate 100% 
Total Volume 1.0 MG 
Nitrate Recycle Rate 300% 
Max MLSS at loading rate 3400 mg/L 
Effluent TN 5 mg/L 
Methanol Addition Yes 
Fixed Film Required? No 
Clarifiers? Existing clarifiers are too shallow, construct new ones 
Effluent Filtration Required? No 
 
  The modifications related to the proposed upgrades described above do not appear to 
require any structure demolition.  The new aeration tanks and clarifiers can be 
constructed in portions of the site that are currently unused. 
 
Other plant modifications may be needed including upgrades to sludge handling to 
accommodate the higher sludge production.  However, all facilities outside of the 
activated sludge process are outside of the scope of this study.   
 
b. Annual Average.  At the assumed influent TN levels for this facility, an MLE 
process is recommended to achieve an average annual effluent TN of 5 mg/L as 
shown in the BioWin model in Figure 3.8-7. 
 
 
 
 
 
(continued) 
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FIGURE 3.8-7:  NITROGEN REMOVAL PROCESSES – ANNUAL AVERAGE  
LIMIT OF 5 mg/L 
 
This process would require a total of ten aeration tanks - eight new tanks in addition 
to the existing two.  The new tanks would be the same size as each of the existing 
tanks.   
 
In addition to the new aeration tanks and in accordance with the QA/QC procedures 
in Section 2, the existing secondary clarifiers are too shallow and will require 
replacement.  Two 13 ft deep clarifiers of the same diameter as the existing will suit 
the future flows and loads of the facility.  
 
As shown in the site plan in Figure 3.8-5, the site appears to have enough space for 
the additional aeration tanks.  Specific information regarding the results of this 
analysis is shown in Table 3.8-8 as follows. 
 
 
 
 
 
 
 
 
 
(continued) 
Influent Effluent 
Sludge to Disposal
Pre-Anoxic Aerobic Post-Anoxic Re-Aeration
Methanol
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Table 3.8-8 
RESULTS FOR ANNUAL AVERAGE LIMIT OF 5 mg/L TN 
 
PARAMETER VALUE 
Aerobic SRT 11 days 
Total SRT 18 days 
First Anoxic Fraction 18% 
Total Anoxic Fraction 37% 
Reaeration HRT 1 hr 
RAS Rate 100% 
Total Volume 1.12 MG 
Nitrate Recycle Rate 300% 
Max MLSS at loading rate 3600 mg/L 
Effluent TN 5 mg/L 
Methanol Addition Yes 
Fixed Film Required? No 
Clarifiers? Existing clarifiers are too shallow, construct new ones 
Effluent Filtration Required? No 
 
  The modifications related to the proposed upgrades described above do not appear to 
require any structure demolition.  The new aeration tanks and clarifiers can be 
constructed in portions of the site that are currently unused. 
 
Other plant modifications may be needed including upgrades to sludge handling to 
accommodate the higher sludge production.  However, all facilities outside of the 
activated sludge process are outside of the scope of this study.   
 
D. Plant and Cost Summary. 
 
Table 3.8-9 presents flow data for the Hopedale WWTF as well as the current nitrogen removal 
performance of the plant.   
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Table 3.8-9 
PLANT FLOW AND EFFLUENT LIMIT SUMMARY 
 
PARAMETER VALUE 
Permitted Flow (mgd) 0.588 
Existing Flow (2004-6) 0.4 
% of existing capacity 68 
Current average seasonal effluent TN (mg/L) Only ammonia is measured 
Current average annual effluent TN (mg/L)  Only ammonia is measured 
Permit Limits 
     Seasonal Nitrification (mg/L) 
     Year-round  nitrification (mg/L) 
     Seasonal TN Limit 
     Annual TN Limit 
 
Yes (2-5) 
Yes (2-11) 
No 
No 
 
Table 3.8-10 presents the nitrogen removal processes identified in this section to achieve the four 
different permit conditions considered.  Based on the loading conditions established for this 
facility and the subsequent BioWin modeling performed using this data, the facility 
improvements include adding a number of additional aeration tanks and replacing the existing 
shallow clarifiers.  It should be noted that the BOD loads at this facility are relatively high and as 
a result the assumed influent nitrogen values were also high.   
 
Table 3.8-10 
NITROGEN REMOVAL PROCESS SUMMARY FOR HOPEDALE WWTF 
 
MINOR/ 
MODIFICATIONS 
OR RETROFITS 
PROCESS TO 
ACHIEVE 
SEASONAL  
TN OF 8 MG/L 
PROCESS TO 
ACHIEVE ANNUAL 
AVERAGE  
TN OF 8 MG/L 
PROCESS TO 
ACHIEVE 
SEASONAL  
 TN OF 5 MG/L 
PROCESS TO 
ACHIEVE 
ANNUAL 
AVERAGE  
TN OF   5 MG/L 
None Bardenpho with methanol addition 
Bardenpho with 
methanol addition 
Bardenpho with 
methanol 
addition 
Bardenpho 
with methanol 
addition 
 
The modifications required at Hopedale to convert to a new nitrogen removal process are 
summarized in Table 3.8-11.   
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Table 3.8-11 
REQUIRED MODIFICATIONS SUMMARY FOR HOPEDALE WWTF 
 
MODIFICATIONS TO 
ACHIEVE SEASONAL  
TN OF 8 MG/L 
MODIFICATIONS TO 
ACHIEVE ANNUAL 
AVERAGE 
TN OF 8 MG/L 
MODIFICATIONS TO 
ACHIEVE SEASONAL  
TN OF 5 MG/L 
MODIFICATIONS TO 
ACHIEVE ANNUAL 
AVERAGE  
TN OF 5 MG/L 
SPECIAL 
CONDITIONS 
7 new aeration tanks 
and 2 new clarifiers 
8 new aeration tanks 
and 2 new clarifiers 
7 new aeration tanks 
and 2 new clarifiers 
8 new aeration tanks 
and 2 new clarifiers None 
 
The cost estimating procedures established in Section 2 were used to estimate capital, annual 
O&M, and 20-year present worth costs associated with the process changes and facility 
modifications summarized above.  The cost estimates are included in Table 3.8-12.  
 
Table 3.8-12 
COST SUMMARY FOR NITROGEN REMOVAL AT HOPEDALE WWTF1 
 
LIMIT CAPITAL COSTS (IN MILLIONS) 
TOTAL ANNUAL 
COSTS2 
(IN THOUSANDS) 
20-YR PRESENT 
WORTH 
(IN MILLIONS) 
Minor Modifications/Retrofits None n/a n/a 
Seasonal Effluent TN of 8 mg/L $23 $150 $24 
MLE Configured Tanks $18 $150 $20 
Annual Average Effluent TN of 8 mg/L $25 $180 $27 
Seasonal Effluent TN of 5 mg/L $23 $150 $24 
MLE Configured Tanks $20 $180 $22 
Annual Average Effluent TN of 5 mg/L $25 $180 $27 
1. It should be noted that these costs represent one method by which this facility can achieve the stated TN 
goals.  It is not intended to be the most cost effective method nor the recommended method, but it 
represents a planning tool for MassDEP to estimate the fiscal impacts of establishing total nitrogen limits.    
2. Represents incremental increase over current conditions. 
Section 3c 
Blackstone River Watershed
Section 4 
Connecticut River Watershed
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ENGINEERING FEASIBILITY AND COST 
ANALYSES OF NITROGEN REDUCTION FROM 
SELECTED POTWS IN MASSACHUSETTS 
 
 
 
 
SECTION 4 – CONNECTICUT RIVER WATERSHED 
 
 
4.1 INTRODUCTION 
 
The Connecticut River is New England’s 
longest river spanning a distance of over 
400 miles.  It begins in the Fourth 
Connecticut Lake at the Canadian border.  
It flows southward, bordering Vermont 
and New Hampshire, through central 
Massachusetts and Connecticut until 
ultimately discharging to Long Island 
Sound.  A number of sub-watersheds 
discharge into this river including the 
following ones which are part of this 
study:  Chicopee River (Section 5), Millers River (Section 6), Deerfield River (Section 7) and 
Westfield River (Section 8). 
 
This study includes seven POTWs that discharge directly to the Connecticut River.  Figure 4.1-1 
shows the Connecticut River watershed and the table below lists the seven facilities with their 
respective sizes.  The impact of nitrogen removal at each of these facilities is presented in this 
section. 
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Table 4.1-1 
CONNECTICUT RIVER POTWs 
 
NAME OF FACILITY PERMITTED CAPACITY 
Springfield 67.0 mgd 
Amherst 7.1 mgd 
Northampton 8.6 mgd 
Holyoke 17.5 mgd 
Chicopee 15.5 mgd 
Easthampton 3.8 mgd 
S. Hadley 4.2 mgd 
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4.2 SPRINGFIELD 
 
A. Introduction.  The Springfield wastewater treatment facility is located at Route 5 Bondi 
Island in Agawam, MA.  It has a permitted average annual capacity of 67 mgd facility and serves 
eight communities: Springfield, Wilbraham, West Springfield, Ludlow, Longmeadow, East 
Longmeadow, Chicopee and Agawam.  The flow comprises of 18% industrial, 49% domestic 
and commercial and 33% I/I.  Sixty percent of Springfield’s service area is served by a combined 
collection system. 
 
The majority of the current facility was built in 1977.  Prior to 1977, primary clarifiers and 
anaerobic digesters existed on the site.  Changes that have occurred since 1977 include the 
replacement of the vacuum filters with belt filter presses, replacement of the DAFs with gravity 
belt thickeners and conversion of the mechanical aeration system to diffused aeration in 1997-
1998.  This upgrade also included installing aluminum baffle walls in the first section of the 
aeration tanks and installation of submersible mixers to form pre-anoxic zones.   
 
B. Existing Facilities. 
 
1. Description of Existing Facilities.  
All flow conveyed to the Springfield 
Wastewater Treatment Facility (WWTF) enters 
the influent structure to receive preliminary 
treatment. Preliminary treatment consists of 
mechanically-cleaned coarse bar screens.  Four 
parallel channels leave the screenings building 
into an influent distribution chamber.  The 
distribution chambers direct the flow to the 
four primary sedimentation basins.  Grit is 
removed from the primary clarifiers with dilute primary sludge.  After primary sedimentation, 
primary effluent flows by gravity through closed conduit to the aeration tanks.   
 
The facility has four aeration tanks.  Each tank is 600 ft long by 100 ft wide with a 15 ft 
sidewater depth.  The first 100 ft of each aeration basin can be operated as a pre-anoxic zone.  A 
flocculation zone is located between the aeration basins and the secondary clarifiers.  The four, 
Aerial photo from www.google.com
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50 ft by 100 ft flocculator tank cannot be bypassed.  The flocculation tanks are followed by four 
12.4 ft deep, 300 ft by 100 ft rectangular clarifiers.   
 
Secondary effluent receives chlorine disinfection and dechlorination prior to being discharged to 
the Connecticut River.  An effluent pump station is available to pump effluent to the river if the 
water stage in the river is too high for the effluent to flow by gravity.  A process flow schematic 
is shown in Figure 4.2-1. 
 
 
 
 
 
 
 
 
 
 
FIGURE 4.2-1:  PROCESS FLOW SCHEMATIC – EXISTING FACILITY 
 
Primary sludge and grit are separated by four cyclone degritting systems.  Primary sludge is then 
thickened in three gravity thickeners.  It is also stored in the tanks prior to being fed to blending 
tanks for dewatering.  Waste activated sludge is pumped to the old DAFs which now serve as 
equalization basins prior to being pumped to the gravity belt thickeners.  Thickened activated 
sludge normally is pumped to holding tanks used for blending the thickened waste activated and 
thickened primary sludges.  The thickened sludge is dewatered with belt filter presses.  Sludge 
cake is then conveyed to trucks for disposal in a landfill or into a private onsite composting 
facility. 
 
The plant recycle flows (including gravity thickener overflow and BFP filtrate) are returned 
upstream of the primary effluent sampler.  Thus, the primary effluent sampler contains all plant 
flows including internal recycle flows. 
 
Two of the four primary sedimentation basins, all aeration basins, all four secondary clarifiers 
and all four chlorine contact tanks are on line under normal operation.  Nitrification is not 
required, but the plant is nitrifying year-round according to the operators. 
Primary 
Clarifiers
Primary 
Sludge
Aeration 
Tanks
Clarifiers
Chlorine Contact 
Chamber Dechlorination 
Unit
WAS
RAS
Preliminary 
Treatment -
Screening
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The plant is operated by United Water who has a 20-year operation and maintenance contract 
which began in 2000.  
 
There is space to construct additional tankage south of the secondary system process tanks as 
shown in the aerial photograph.  All new structures must be installed on piles since the site is 
located in a marsh area.   
 
2. Summary of Plant Data.  Data from January 2004 through December 2006 was 
provided by United Water for this study.  A summary of the monthly data is shown in Table 4.2-
1.  Seasonal and annual average and maximum month data is summarized in the table. 
 
With a current average daily flow of 46.4 mgd and a permitted capacity of 67 mgd, this facility is 
operating at approximately 69% of its permitted capacity.  Based on the average BOD 
concentration of 168 mg/L and TSS concentration of 155 mg/L, this wastewater would be 
considered medium strength.  No influent nitrogen data is available for this plant. 
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Table 4.2-1 
SPRINGFIELD WWTF 
Springfield, Massachusetts 
Monthly Averages 2003-2006 
 
GENERAL INFLUENT PRIMARY EFFLUENT FINAL EFFLUENT 
DATE INF BOD TSS TEMP BOD TSS PH BOD TSS NO2 + NO3 TKN NH3 TN 
MONTH YEAR MGD MG/L MG/L DEG F MG/L MG/L  MG/L MG/L MG/L MG/L MG/L MG/L 
January 2004    56.1 145.3 107.0        
February 2004 46.6 196.0 202.0 57.2 177.1 104.9 6.8 5.0 8.0 2.1 1.1 0.3 3.6 
March 2004 45.9 190.0 157.0 58.3 178.3 89.5 6.8 6.0 9.0 2.2 1.4 0.4 4.0 
April 2004 46.3 147.0 139.0 58.8 141.4 97.1 6.6 7.0 11.0 2.5  0.6 3.1 
May 2004 46.5 163.0 162.0 64.7 168.6 100.1 6.9 5.0 5.0 3.1  0.3 3.4 
June 2004 45.6 190.0 158.0 68.0 169.1 79.0 6.9 5.0 4.0 2.9 1.2 0.4 4.5 
July 2004 45.4 176.0 169.0 72.1 154.4 80.4 7.0 4.0 3.0 3.2 1.8 0.3 5.3 
August 2004 45.3 197.0 181.0 72.4 173.5 88.1 6.9 4.0 3.0 4.1  0.3 4.5 
September 2004 45.2 207.0 199.0 71.3 156.8 78.8 6.9 4.0 3.0 4.4 1.1 0.5 6.0 
October 2004 44.5 192.0 166.0 66.7 150.9 76.0 6.8 3.0 3.0 4.0  0.3 4.3 
November 2004 43.7 209.0 180.0 64.4 158.1 85.3 6.9 4.0 4.0 4.9 2.0 0.4 7.3 
December 2004 43.4 189.0 162.0 59.7 160.6 95.4 6.8 5.0 5.0 3.1  0.4 3.5 
January 2005 43.2 170.0 176.0 56.6 142.9 85.8 7.0 11.0 12.0 3.1 1.5 0.4 4.9 
February 2005 43.8 167.0 165.0 56.6 141.1 87.5 6.8 9.0 11.0 2.7 1.8 1.6 6.1 
March 2005 44.2 179.0 167.0 56.6 150.3 90.5 6.7 7.0 6.0 3.6  0.5 4.0 
April 2005 44.2 131.0 127.0 59.3 142.6 92.0 6.6 14.0 21.0 2.8  0.6 3.3 
May 2005 44.0 173.0 142.0 63.4 145.3 77.1 6.8 6.0 7.0 2.2 1.2 0.3 3.7 
June 2005 43.9 184.0 157.0 69.8 167.6 86.6 6.9 6.0 5.0 2.0 2.4 0.4 4.8 
July 2005 43.8 183.0 158.0 71.8 154.9 81.3 6.8 6.0 6.0 3.8 1.6 0.7 6.1 
August 2005 43.6 198.0 176.0 73.9 169.3 88.9 6.9 7.0 6.0 4.1 3.2 1.2 8.5 
September 2005 43.2 210.0 189.0 72.6 188.8 94.7 6.9 5.0 4.0 2.1 1.6 0.7 4.4 
October 2005 45.6 129.0 139.0 66.2 121.7 80.9 6.4 8.0 14.0 2.8  0.2 3.0 
November 2005 47.0 147.0 139.0 62.9 127.2 80.5 6.7 7.0 11.0 4.2 1.6 0.9 6.8 
December 2005 47.5 156.0 149.0 58.5 133.3 89.9 6.7 7.0 8.0 4.1 1.4 0.5 6.0 
January 2006 48.9 123.0 122.0 56.7 112.6 80.4 6.6 9.0 13.0 1.8  0.2 2.0 
February 2006 49.9 122.0 108.0 56.5 111.6 71.8 6.8 10.0 12.0 1.0  1.3  
(continued) 
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GENERAL INFLUENT PRIMARY EFFLUENT FINAL EFFLUENT 
DATE INF BOD TSS TEMP BOD TSS PH BOD TSS NO2 + NO3 TKN NH3 TN 
MONTH YEAR MGD MG/L MG/L DEG F MG/L MG/L  MG/L MG/L MG/L MG/L MG/L MG/L 
March 2006 49.7 147.0 131.0 58.4 151.6 84.3 6.9 6.0 6.0 2.0 1.8 0.5 4.2 
April 2006 48.4 142.0 135.0 61.5 137.2 94.0 6.8 7.0 7.0 2.8 1.4 1.0 5.2 
May 2006  130.0 124.0 64.1 132.2 86.9 6.8 7.0 5.0     
June 2006 49.8 132.0 129.0 67.8 125.1 83.2 6.8 6.0 5.0 1.6 2.9 1.5 6.1 
July 2006 50.6 135.0 139.0 71.6 119.7 81.5 6.9 7.0 8.0 1.2 2.7 1.7 5.5 
August 2006 51.1 165.0 156.0 72.8 145.1 89.7 6.9 4.0 3.0 3.1 2.5 1.5 7.1 
September 2006 51.3 180.0 166.0 70.4 149.6 85.1 7.0 4.0 4.0 2.2 5.5 3.3 11.1 
October 2006 49.2 160.0 157.0 66.4 138.0 92.0 6.7 5.0 6.0 2.8  0.7 3.5 
November 2006 48.4 158.0 142.0 64.5 140.6 80.2 6.9 4.0 6.0 0.1 3.1 1.8 5.0 
December 2006 47.5 199.0 161.0 61.8 181.3 86.8 7.0 10.0 13.0 1.8  0.3 2.1 
Min. Month 43.2 122.0 108.0 56.1 111.6 71.8 6.4 3.0 3.0 0.1 1.1 0.2 2.0 
Seasonal Average  46.4 172.4 159.3 69.2 151.7 85.0 6.8 5.3 5.2 2.9 2.3 0.8 5.4 
Average Annual  46.4 167.9 155.1 64.2 149.0 87.0 6.8 6.4 7.3 2.8 2.6 0.8 5.3 
 Max. Month 51.3 210.0 202.0 73.9 188.8 107.0 7.0 14.0 21.0 4.9 16.0 3.3 18.2 
 
4-8 
3. Permit Requirements and Current Performance.  The current permit for this 
facility has been in effect since December 8, 2000.  Monthly permit limits that are relevant to 
this study are shown below in Table 4.2-2. 
 
Table 4.2-2 
SELECT MONTHLY PERMIT LIMITS 
 
PARAMETER LIMIT 
BOD5 30 mg/L 
TSS 30 mg/L 
Nitrite+Nitrate Nitrogen Report 
TKN Report 
 
The above BOD and TSS limits have been met in all months of the data collection period. 
 
4. Nitrogen Removal Performance.  The monthly data indicates that TN is generally 
less than 5 mg/L.  The facility currently collects one sample per month; however, past studies 
during which nitrogen data was collected on a more frequent basis also showed that 
denitrification is occurring at the facility. 
 
C. Nitrogen Removal Alternatives.  The existing maximum month loads over the three-year 
data collection period were used to determine the BioWin input data.  The primary effluent data 
which correspond to maximum-month loads is shown in Table 4.2-3 below for each permitting 
scenario.  The minimum temperature for the permit condition is also shown.  In addition, due to a 
lack of influent nitrogen data, the TN/BOD ratio was estimated to be 0.21. 
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Table 4.2-3 
EXISTING PRIMARY EFFLUENT PARAMETERS 
 
PERMIT CONDITION PARAMETER VALUE 
Flow, mgd 46.6 
BOD, mg/L 177 
TSS, mg/L 103 
TN, mg/L 33 
Annual Average 
Temperature, F 56 
Flow, mgd 43.2 
BOD, mg/L 189 
TSS, mg/L 110 
TN, mg/L 35 
Seasonal 
Temperature, F 63 
 
The existing plant data was then projected to the permitted capacity of the facility to develop 
model input parameters for the average annual and seasonal model runs.  The resultant data is 
shown in Table 4.2-4. 
 
Table 4.2-4 
MODEL INPUT PARAMETERS AT PERMITTED CAPACITY 
 
PERMIT CONDITION PARAMETER VALUE 
  
Flow, mgd 67.3 
BOD, mg/L 177 
TSS, mg/L 103 
TN, mg/L 33 
Annual Average 
Temperature, F 56 
Flow, mgd 62.4 
BOD, mg/L 189 
TSS, mg/L 110 
TN, mg/L 35 
Seasonal 
 
Temperature, F 63 
 
The model input data was used to run uncalibrated simulations to determine planning level, 
order-of-magnitude costs for implementing different levels of nitrogen reduction at the facility.  
It should be noted that the baseline simulation for the facility predicted three times the 
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concentration of total nitrogen in the effluent than reported in the effluent data.  Potential reasons 
for this are a lower influent TKN/BOD ratio than assumed and/or biological activity occurring in 
the secondary clarifiers which was not captured in the ideal clarifier model.  A discussion of 
operational changes or minor modifications that can be made to the facility to improve current 
nitrogen reduction performance as well as a presentation of the simulation results are presented 
in the following sections.   
 
1. Minor Modifications/Retrofits.  The facility has already made the modifications to 
the aeration system which would be considered minor modifications in this evaluation.  The 
facility has baffled off a pre-anoxic zone to create a Ludzack-Ettinger process (anoxic followed 
by aerobic with no internal recycle).  It also has added four submersible mixers to the anoxic 
zone and they have ample RAS pump capacity with 120% of average daily flow.  Nitrate recycle 
pumps to pump MLSS from the end of the aeration zone to the anoxic zone could be added to 
create an MLE process to improve their nitrogen removal, but this is beyond the definition of 
minor modifications for this study.   
 
2. Modifications Required to Meet TN of 8 mg/L.  As noted, the facility is already 
meeting a TN of 8 mg/L at current flows; however, BioWin model runs show that the current 
process configuration will not be able to meet 8 mg/L at permitted flows.  The modifications to 
the facility that are required to meet an effluent TN of 8 mg/L on a seasonal and annual average 
basis at permitted flows are as follows. 
 
a. Seasonal.  At the assumed influent TN levels for this facility, an MLE process will 
accomplish a seasonal effluent TN level of 8 mg/L Thus, an MLE process is recommended 
as shown in the BioWin model in Figure 4.2-2 below.   
 
 
 
 
 
 
FIGURE 4.2-2:  BIOWIN MODEL FOR SEASONAL TN LIMIT OF 8 mg/L 
 
This process can fit in the existing tanks with only the addition of nitrate recycle pumps, 
and the existing configuration can be maintained as shown in the site plan in Figure 4.2-3.  
Primary Clarifier Effluent Secondary Clarifie
Sludge
Aerobic flocculatorAnoxic
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It is assumed the existing 10-yr old blowers have adequate capacity to nitrify seasonally, 
but this would have to be further evaluated since confirming blower capacity is outside the 
scope of this project.  It is anticipated that no new clarifiers will be required to operate the 
facility at the resultant model MLSS concentration.  It should be noted that the existing 
clarifiers at this facility are 12.4 feet deep which is slightly less than the depth of 13 ft 
recommended in TR-16 for nitrogen removal facilities.  Because the clarifiers do not meet 
the minimum requirements set forth in Section 2, it is recommended that they be further 
evaluated. It is unlikely, however, that they would require replacement or derating due to 
the shallower depth.   
 
Specific information regarding the design results is shown in the following Table 4.2-5. 
 
Table 4.2-5 
RESULTS FOR SEASONAL LIMIT OF 8 mg/L TN 
 
PARAMETER VALUE 
Aerobic SRT 4.7 days 
Total SRT 6.0 days 
First Anoxic Fraction 20% 
Total Anoxic Fraction 20% 
Reaeration HRT N/A 
Total Volume (incl. floc tank) 29.14 MG (existing) 
RAS Rate 50% 
Nitrate Recycle Rate 350% 
Max MLSS at Loading Rate 1,700 mg/L 
Effluent TN 7.8 mg/L 
Methanol Addition No 
Fixed Film Required? No 
Clarifiers? No new clarifiers 
Effluent Filtration Required? No 
 
b. Annual Average.  At the assumed influent TN levels for this facility, an MLE 
process will accomplish an average annual effluent TN level of 8 mg/L Thus, an MLE 
process is recommended as shown in the BioWin model in Figure 4.2-4 below.   
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FIGURE 4.2-4:  BIOWIN MODEL FOR ANNUAL AVERAGE TN LIMIT OF 8 mg/L 
 
This process can fit in the existing tanks with only the addition of nitrate recycle pumps, 
and the existing configuration can be maintained, as shown in the site plan in Figure 4.2-5.  
It is assumed the existing 10-yr old blowers have adequate capacity to nitrify annually, but 
this would have to be further evaluated since confirming blower capacity is outside the 
scope of this project.  It is also anticipated that the facility will require two additional 
secondary clarifiers (in addition to the existing four) to operate the facility at the resultant 
model MLSS concentration.  It should be noted that the existing clarifiers at this facility are 
12.4 feet deep.  It should be noted that the existing clarifiers at this facility are 12.4 feet 
deep which is slightly less than the depth of 13 ft recommended in TR-16 for nitrogen 
removal facilities.  Because the clarifiers do not meet the minimum requirements set forth 
in Section 2, it is recommended that they be further evaluated.  It is unlikely, however, that 
they would require replacement or derating due to the shallower depth.  It is also 
anticipated that two new RAS pumps will be required. 
 
Specific information regarding the design results is shown in Table 4.2-6 below. 
 
 
 
 
 
 
 
 
 
 
 
(continued) 
Primary Clarifier Effluent Secondary Clarifie
Sludge
Aerobic flocculatorAnoxic
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Table 4.2-6 
RESULTS FOR ANNUAL AVERAGE LIMIT OF 8 mg/L TN 
 
PARAMETER VALUE 
Aerobic SRT 6.7 days 
Total SRT 8.6 days 
First Anoxic Fraction 20% 
Total Anoxic Fraction 20% 
Reaeration HRT N/A 
Total Volume (incl. floc tank) 29.14 MG (existing) 
RAS Rate 50% 
Nitrate Recycle Rate 350% 
Max MLSS at Loading Rate 2,400 mg/L 
Effluent TN 7.8 mg/L 
Methanol Addition No 
Fixed Film Required? No 
Clarifiers? 2 new clarifiers 
Effluent Filtration Required? No 
 
Other plant modifications may be needed including upgrades to sludge handling.  However, 
all facilities outside of the activated sludge process are outside of the scope of this study.   
 
3. Modifications Required to Meet a TN of 5 mg/L.  The modifications to the facility 
that are required to meet an effluent TN of 5 mg/L on a seasonal and annual average basis are as 
follows. 
 
a. Seasonal.  At the assumed influent TN levels for this facility, a four stage Bardenpho 
process is recommended to achieve a seasonal effluent TN of 5 mg/L as shown in the 
BioWin model in Figure 4.2-6.    
 
 
. 
 
 
 
FIGURE 4.2-6:  BIOWIN MODEL FOR SEASONAL TN LIMIT OF 5 mg/L 
 
Primary Clarifier Effluent Secondary Clarifie
Sludge
Aerobic flocculatorAnoxic Aerobic IIAnoxic II
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In addition to nitrate recycle pumps, this process would require partitioning of all four 
aeration tanks in order to achieve the configuration represented above.  The process could 
fit within the existing tanks as shown in the site plan in Figure 4.2-7.  The reconfiguration 
could affect the diffuser layout so piping and diffuser layout changes are assumed.  It is 
assumed the existing 10-yr old blowers have adequate capacity to nitrify seasonally, but 
this would have to be further evaluated since confirming blower capacity is outside the 
scope of this project.   
 
It is also anticipated that the facility will require two additional secondary clarifiers (in 
addition to the existing four) to operate the facility at the resultant model MLSS 
concentration.  It should be noted that the existing clarifiers at this facility are 12.4 feet 
deep which is slightly less than the depth of 13 ft recommended in TR-16 for nitrogen 
removal facilities.  Because the clarifiers do not meet the minimum requirements set forth 
in Section 2, it is recommended that they be further evaluated. It is unlikely, however, that 
they would require replacement or derating due to the shallower depth.  It is also 
anticipated that two new RAS pumps will be required. 
 
Specific information regarding the design results is shown in Table 4.2-7 as follows. 
 
Table 4.2-7 
RESULTS FOR SEASONAL LIMIT OF 5 mg/L TN 
 
PARAMETER VALUE 
Aerobic SRT 4.7 days 
Total SRT 8.1 days 
First Anoxic Fraction 20% 
Total Anoxic Fraction 42% 
Reaeration HRT 20 minutes 
Total Volume (incl. floc tank) 29.14 MG (existing) 
RAS Rate 50% 
Nitrate Recycle Rate 350% 
Max MLSS at Loading Rate 2,400 mg/L 
Effluent TN 4.1 mg/L 
Methanol Addition No 
Fixed Film Required? No 
Clarifiers? 2 new clarifiers 
Effluent Filtration Required? No 
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Other plant modifications may be needed including upgrades to sludge handling.  However, 
all facilities outside of the activated sludge process are outside of the scope of this study.   
 
b. Annual Average.  At the assumed influent TN levels for this facility, a four stage 
Bardenpho process is recommended to achieve an average annual effluent TN of 5 mg/L as 
shown in the BioWin model in Figure 4.2-8. 
 
 
 
 
 
 
FIGURE 4.2-8: 
BIOWIN MODEL FOR ANNUAL AVERAGE TN LIMIT OF 5 mg/L 
 
In addition to nitrate recycle pumps, this process would require partitioning of all four 
aeration tanks in order to achieve the configuration represented above.  The reconfiguration 
could fit within the existing tanks as shown in the site plan in Figure 4.2-9.  The 
reconfiguration could affect the diffuser layout so piping and diffuser layout changes are 
assumed.  It is assumed the existing 10-yr old blowers have adequate capacity to nitrify 
annually, but this would have to be further evaluated since confirming blower capacity is 
outside the scope of this project.   
 
It is also anticipated that the facility will require three additional secondary clarifiers (in 
addition to the existing four) to operate the facility at the resultant model MLSS 
concentration.  It should be noted that the existing clarifiers at this facility are 12.4 feet 
deep which is slightly less than the depth of 13 ft recommended in TR-16 for nitrogen 
removal facilities.  Because the clarifiers do not meet the minimum requirements set forth 
in Section 2, it is recommended that they be further evaluated. It is unlikely, however, that 
they would require replacement or derating due to the shallower depth.  It is also 
anticipated that at least two new RAS pumps will be required. 
 
Specific information regarding the design results is shown in Table 4.2-8 below. 
 
Primary Clarifier Effluent Secondary Clarifie
Sludge
Aerobic flocculatorAnoxic Aerobic IIAnoxic II
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Table 4.2-8 
RESULTS FOR ANNUAL AVERAGE LIMIT OF 5 mg/L TN 
 
PARAMETER VALUE 
Aerobic SRT 6.7 days 
Total SRT 11.6 days 
First Anoxic Fraction 20% 
Total Anoxic Fraction 42% 
Reaeration HRT 20 minutes 
Total Volume (incl. floc tank) 29.14 MG (existing) 
RAS Rate 50% 
Nitrate Recycle Rate 350% 
Max MLSS at Loading Rate 3,300 mg/L 
Effluent TN 4.5 mg/L 
Methanol Addition No 
Fixed Film Required? No 
Clarifiers? 3 new clarifiers 
Effluent Filtration Required? No 
 
Other plant modifications may be needed including upgrades to sludge handling.  However, 
all facilities outside of the activated sludge process are outside of the scope of this study.   
 
D. Plant and Cost Summary.   
 
Table 4.2-9 presents flow data for the Springfield WWTP as well as the current nitrogen removal 
performance of the plant.  As shown, the facility is achieving nitrogen removal to almost 5 mg/L 
both seasonally and year-round with their current Ludzack-Ettinger process.   
 
 
 
 
 
 
 
 
(continued) 
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Table 4.2-9 
PLANT FLOW AND EFFLUENT LIMIT SUMMARY 
 
PARAMETER VALUE 
Permitted Flow (mgd) 67.0 
Existing Flow (2004-6) 46.4 
% of existing capacity 69.3 
Current average seasonal effluent TN (mg/L) 5.4 
Current average annual effluent TN (mg/L)  5.3 
Permit Limits 
     Seasonal Nitrification (mg/L) 
     Year-round  nitrification (mg/L) 
     Seasonal TN Limit 
     Annual TN Limit 
 
No 
No 
Report 
Report 
 
Table 4.2-10 presents the nitrogen removal processes required to meet the four different permit 
conditions considered.  Based on the BioWin modeling performed, the facility will need to 
convert to a Modified Ludzack-Ettinger process to consistently meet a TN limit of 8 mg/L at 
permitted capacity both seasonally and year-round.  The BioWin models were run at permitted 
capacity (67 mgd) which is the reason a change in process mode is required.  Adding the nitrate 
recycle pumps would also add seasonable stability.  It should be noted that an assumed ammonia 
to BOD ratio was used since no influent nitrogen data was available.  The assumed ratio and the 
fact that the models are uncalibrated could also contribute to the need to change nitrogen 
removal processes even though they seem to be meeting 8 mg/L at current flows.  The modeling 
also predicts that the facility will have to convert to a Bardenpho process to meet 5 mg/L for the 
same reasons noted for 8 mg/L. 
Table 4.2-10 
NITROGEN REMOVAL PROCESS SUMMARY FOR SPRINGFIELD WWTF 
 
EXISTING 
PROCESS  
PROCESS TO 
ACHIEVE 
SEASONAL  
TN OF 8 MG/L 
PROCESS TO 
ACHIEVE ANNUAL 
AVERAGE  
TN OF 8 MG/L 
PROCESS TO 
ACHIEVE 
SEASONAL  
 TN OF 5 MG/L 
PROCESS TO 
ACHIEVE ANNUAL 
AVERAGE  
TN OF   5 MG/L 
Ludzack-
Ettinger MLE MLE Bardenpho Bardenpho 
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The modifications required at Springfield to convert to a new nitrogen removal process are 
summarized in Table 4.2-11.  As noted, no minor modifications can be made to the treatment 
facility to improve nitrogen removal since they currently operate in a Ludzack-Ettinger mode 
and achieve removal in this configuration. 
 
Table 4.2-11 
REQUIRED MODIFICATIONS SUMMARY FOR SPRINGFIELD WWTF 
 
MINOR 
MODIFICATIONS/ 
RETROFITS 
MODIFICATIONS 
TO ACHIEVE 
SEASONAL  
TN OF 8 MG/L 
MODIFICATIONS 
TO ACHIEVE 
ANNUAL 
AVERAGE 
TN OF 8 MG/L 
MODIFICATIONS 
TO ACHIEVE 
SEASONAL  
TN OF 5 MG/L 
MODIFICATIONS 
TO ACHIEVE 
ANNUAL 
AVERAGE  
TN OF 5 MG/L 
SPECIAL 
CONDITIONS 
None 
Nitrate recycle 
pumps and 
other minor 
modifications 
to existing 
aeration tanks 
Nitrate recycle 
pumps and 
other minor 
modifications 
to existing 
aeration tanks; 
2 new clarifiers 
Structural 
modifications 
to 4 existing 
aeration tanks; 
new diffusers; 
nitrate recycle 
pumps; 2 new 
clarifiers 
Structural 
modifications 
to 4 existing 
aeration tanks; 
new diffusers; 
nitrate recycle 
pumps; 3 new 
clarifiers 
Facility has an 
anoxic flocculator 
tank between 
each aeration tank 
and clarifier 
 
The cost estimating procedures established in Section 2 were used to estimate capital, annual 
O&M, and 20-year present worth costs associated with the process changes and facility 
modifications summarized above.  The cost estimates are included in Table 4.2-12.  
 
Table 4.2-12 
COST SUMMARY FOR NITROGEN REMOVAL AT SPRINGFIELD WWTF1 
 
LIMIT CAPITAL COSTS (IN MILLIONS) 
TOTAL ANNUAL 
COSTS2 
(IN MILLLIONS) 
20-YR PRESENT 
WORTH 
(IN MILLIONS) 
Minor Modifications/Retrofits minor n/a n/a 
Seasonal Effluent TN of 8 mg/L $4.5 $1.5 $23 
Annual Average Effluent TN of 8 mg/L $23 $2.0 $48 
Seasonal Effluent TN of 5 mg/L $56 $1.3 $72 
Annual Average Effluent TN of 5 mg/L $65 $1.7 $86 
1. It should be noted that these costs represent one method by which this facility can achieve the stated TN 
goals.  It is not intended to be the most cost effective method nor the recommended method, but it 
represents a planning tool for MassDEP to estimate the fiscal impacts of establishing total nitrogen limits. 
2. Represents incremental increase over current conditions. 
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4.3 AMHERST 
 
A. Introduction.  The Amherst Wastewater Treatment Plant 
(WWTP) is located at 1 Mullins Way in Amherst, MA.  It has 
a permitted annual average capacity of 7.1 mgd and serves the 
Town of Amherst only.  The facility also accepts septage.   
 
Parts of the Amherst collection system date back to the 1880s.  
The WWTP started in the 1930s as a primary treatment 
facility.  The current facility went online January 2, 1979.  The 
facility decommissioned dissolved air flotation and vacuum 
filtration in 1993 when they started thickening and hauling 
sludge offsite. 
 
B. Existing Facilities. 
 
 1. Description of Existing Facilities.  All flow is 
conveyed to the Amherst WWTP by gravity where it enters 
the Influent Meter Structure.  It is here that flow from 
Amherst, The University of Massachusetts, and North 
Amherst is separately metered.  The flow then passes 
through preliminary treatment which consists of 
comminutors and grit removal.  The University of 
Massachusetts represents approximately 30% of the plant flow. 
 
Raw sewage pumps lift the raw wastewater to the three primary clarifiers.  After primary 
clarification, the primary effluent flows by gravity to the aeration tanks. 
 
The facility has three aeration tanks.  Each tank is 129.5 feet long by 43 feet wide with a 15 foot 
sidewater depth.  The tanks have mechanical aerators and are each divided into two 
compartments – one with 1/3 of the volume and the other with the balance of the volume.  The 
aeration tanks are followed by three secondary clarifiers which are each 15 feet deep and 82 feet 
in diameter. 
 
Aerial photo from www.google.com
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Secondary effluent is then pumped approximately 1.8 miles to the Connecticut River.  Chlorine 
is injected into the forcemain.  A combined waste activated and primary sludge is thickened in 
the gravity belt thickener and then hauled off site.  A process flow schematic is shown in Figure 
4.3-1. 
 
 
 
 
 
 
 
 
 
 
FIGURE 4.3-1:  PROCESS FLOW SCHEMATIC – EXISTING FACILITY 
 
The main plant recycle flow is filtrate from the gravity belt thickener and this is reintroduced to 
the waste stream prior to the primary clarifiers.  Septage is introduced prior to the flow 
measurement.  The influent sampler at this facility is located prior to the comminutors and thus it 
includes septage, but not plant recycle.  The effluent flow meter is located after disinfection.   
 
Because of the University of Massachusetts, this treatment facility receives most of its flow 
during the school year.  Typically, the plant uses the two larger compartments of two of the 
aeration tanks (four aerators) and then during the summer and in January, one full tank is 
typically used.  During very dry periods, the plant operates with only a single tank in use.  The 
plant does not try to suppress nitrification at any time of the year. 
 
The plant has thirteen full-time employees including the plant superintendent.  This crew serves 
the plant, collection system and 20 pumping stations.  
     
Design flows and loads from the most recent upgrade were not made available. 
 
 2. Summary of Plant Data.  Data from January 2004 through December 2006 was 
provided by the Town for this study.  A summary of the monthly data is shown in the following 
Table 4.3-1.  Seasonal and annual average and maximum month data is summarized in the table. 
Aeration 
and 
Secondary 
Clarifier 
RAS 
Connecticut 
River 
Chlorine  
Pump 
Station 
Primary 
Sludge 
Influent Meter, 
Preliminary 
Treatment – 
Comminutor, 
Grit Removal 
Waste 
Activated 
Sludge 
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With a current average annual flow of 4.22 mgd and a permitted capacity of 7.1 mgd, this facility 
is operating at almost 60% of its permitted capacity. 
 
Based on the average BOD concentration of 229 mg/L, this wastewater is slightly higher than 
medium strength.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(continued) 
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Table 4.3-1 
AMHERST WWTP 
Amherst, Massachusetts 
Monthly Averages 2004-2006 
 
GENERAL INFLUENT EFFLUENT 
DATE INF PH BOD TSS TEMP BOD TSS NO2 + NO3 TKN NH3 TN 
MONTH YEAR MGD  MG/L MG/L DEG F MG/L MG/L MG/L MG/L MG/L MG/L 
January 2004 3.88 7.20 211.4 174.2  17.30 2.90     
February 2004 4.05 7.50 273.1 221.3  20.20 4.00 10.1 9.50 8.35 18.48 
March 2004 4.40 7.30 205.1 225.0  13.00 2.50 6.1 8.40 8.55 14.66 
April 2004 5.97 7.10 183.4 211.5  9.90 3.00 10.3 5.00 7.05 17.33 
May 2004 4.63 7.10 192.3 216.6  9.70 3.20 12.1  0.50 12.63 
June 2004 3.39 7.00 208.0 198.6  5.50 2.50 9.1 7.10 0.40 9.48 
July 2004 3.15 7.00 184.8 208.5  8.80 2.50 9.3 2.80 1.50 10.81 
August 2004 3.08 7.00 157.8 191.2  15.90 2.40 5.8 7.00 2.15 7.97 
September 2004 4.38 7.20 230.5 225.0  13.50 2.90 6.9 14.00 9.85 16.77 
October 2004 4.45 7.24 288.3 229.0  19.91 3.53 7.3 6.30 6.30 13.55 
November 2004 4.04 7.27 276.1 243.2 64 19.45 3.82 8.5 5.20 0.98 9.43 
December 2004 4.57 7.16 215.9 199.5 58 14.18 3.36 10.2 12.70 2.00 12.20 
January 2005 4.40 7.20 192.7 160.0 54 8.73 2.36 4.1 15.60 9.50 13.60 
February 2005 4.83 7.31 239.6 199.4 55 11.50 2.63 4.1 11.00 9.90 14.00 
March 2005 4.83 7.29 200.9 197.5 54 11.60 3.38 7.1 5.30 4.70 11.75 
April 2005 5.45 7.20 223.6 188.6 58 10.36 4.18 8.6 4.00 3.70 12.31 
May 2005 4.14 7.15 239.0 205.0 61 8.27 2.91 10.3  3.95 14.23 
June 2005 3.19 7.06 193.1 199.1 66 13.45 4.82 7.5 2.90 5.00 12.47 
July 2005 3.24 7.05 178.1 212.1 70 7.75 3.00 10.2  1.80 12.03 
August 2005 2.91 7.06 210.8 238.1 72 11.46 2.69 8.1 3.90 9.90 17.95 
September 2005 3.55 7.26 320.0 323.9 73 5.45 3.91 7.0 39.00 13.10 20.05 
October 2005 6.25 7.19 244.5 199.6 67 2.91 3.48 6.2 2.00 2.55 8.73 
November 2005 5.21 7.27 221.2 182.4 62 4.40 3.80 8.3 1.30 1.55 9.88 
December 2005 4.75 7.30 236.2 159.8 55 4.46 3.62 19.1 3.70 3.65 22.73 
January 2006 5.50 7.05 154.8 114.5 51 3.07 2.79 4.1 2.60 3.80 7.93 
February 2006 5.21 7.33 253.2 157.6 53 2.30 2.50 5.2 16.00 13.30 18.47 
March 2006 3.86 7.48 278.5 195.8 55 2.62 3.08 6.3 15.00 13.20 19.47 
April 2006 4.04 7.46 284.9 259.0 58 2.67 2.56 5.3  10.60 15.87 
May 2006 4.67 7.32 249.1 225.4 60 2.80 2.70 8.1 4.30 3.15 11.30 
June 2006 3.86 7.09 208.4 168.6 64 2.75 2.33 12.0  0.30 12.34 
July 2006 3.36 7.07 251.2 195.9 70 7.64 4.36 8.1 7.80 0.38 8.51 
August 2006 2.80 7.14 229.8 189.4 72 14.57 4.00 7.6 5.40 4.70 12.33 
September 2006 3.50 7.40 278.5 231.5 71 7.82 2.55 8.8 10.00 9.30 18.05 
October 2006 4.00 7.30 260.5 251.0 66 11.27 3.82 7.5 8.90 8.90 16.39 
November 2006 4.66 7.22 221.8 224.5 63 11.08 3.00  7.40 7.30  
December 2006 3.86 7.25 237.0 232.7 59 3.60 2.50 6.2 17.00 14.70 20.94 
Min. Month 2.80 7.00 155 115 51.03 2 2 4.10 1.30 0.30 7.93 
Seasonal Average 3.81 7.15 229.16 217.14 67.70 9.41 3.20 8.44 8.67 4.65 13.09 
Annual Average 4.22 7.21 228.73 207.09 62.07 9.44 3.15 8.10 8.70 5.90 13.96 
 Max. Month 6.25 7.50 320.00 323.91 73.27 20.20 4.82 19.08 39.00 14.70 22.73 
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3. Permit Requirements and Current Performance.  The current permit for this 
facility has been in effect since September 29, 2006.  Monthly permit limits that are relevant to 
this study are shown below in Table 4.3-2. 
 
Table 4.3-2 
SELECT MONTHLY PERMIT LIMITS 
 
PARAMETER LIMIT 
CBOD5 25 mg/L 
TSS 30 mg/L 
Ammonia, TKN, Nitrate, 
Nitrite Report 
 
The plant has met its permit for the above parameters for all months that are included in this 
study.    
 
 4. Nitrogen Removal Performance.  This facility does not collect influent nitrogen 
data.  However, effluent ammonia data is collected and as can be seen in Table 4.3-1, the facility 
reduces ammonia to low levels at times. 
 
C. Nitrogen Removal Alternatives.  The existing maximum month loads over the three-year 
data collection period were used to determine the BioWin input data; one outlier was found in 
the data and not included in the analysis.  The influent data which correspond to maximum-
month loads is shown in the following Table 4.3-3 for each permitting scenario.  The minimum 
temperature for the permit condition is also shown.  In addition, due to a lack of influent nitrogen 
data, the TN/BOD ratio was estimated to be 0.18. 
 
 
 
 
 
 
 
 
 
(continued) 
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Table 4.3-3 
EXISTING INFLUENT PARAMETERS 
 
PERMIT CONDITION PARAMETER VALUE 
Flow, mgd 5.21 
BOD, mg/L 253 
TSS, mg/L 229 
TN, mg/L 46 
Average Annual 
Temperature, F 51 
Flow, mgd 4.45 
BOD, mg/L 288 
TSS, mg/L 261 
TN, mg/L 52 
Seasonal 
Temperature, F 60 
  
The existing plant data was then projected to the permitted capacity of the facility to develop 
model input parameters for the average annual and seasonal model runs.  This projected data is 
shown in Table 4.3-4. 
 
Table 4.3-4 
MODEL INPUT PARAMETERS AT PERMITTED CAPACITY 
 
PERMIT CONDITION PARAMETER VALUE 
Flow, mgd 8.75 
BOD, mg/L 253 
TSS, mg/L 229 
TN, mg/L 46 
Annual Average 
Temperature, F 51 
Flow, mgd 7.48 
BOD, mg/L 288 
TSS, mg/L 261 
TN, mg/L 52 
Seasonal 
Temperature, F 60 
 
The model input data was used to run uncalibrated simulations to determine planning level, 
order-of-magnitude costs for implementing different levels of nitrogen reduction at the facility.  
A discussion of operational changes or minor modifications that can be made to the facility to 
improve current nitrogen reduction performance as well as a presentation of the simulation 
results are presented in the following sections.   
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The existing site plan shows a space for one future tank.  There appears to be at least enough 
space on the site for up to five more aeration tanks.  The effluent forcemain runs along the 
western border of the facility.  The actual location of any new aeration tanks would be dependent 
upon the location of this pipeline. 
 
1. Minor Modifications/Retrofits.  At the assumed influent TN levels, there are no 
operational or minor modifications/retrofits that could be implemented at this facility to 
consistently achieve nitrogen removal.  The existing facility has half of the necessary volume at 
the current flows.   
 
2. Modifications Required to Meet TN of 8.  The modifications to the facility that are 
required to meet an effluent TN of 8 mg/L on a seasonal and annual average basis are as follows. 
 
a. Seasonal.  At the assumed influent TN levels for this facility, an MLE process will 
not accomplish a seasonal effluent TN level of 8 mg/L.  The MLE process will yield a 
seasonal effluent TN of approximately 10 mg/L.  Because of site limitations, the option that 
appears to suit the site the best is to use aeration tanks to nitrify and to then use 
denitrification filters for nitrogen removal.  The recommended option is shown in Figure 
4.3-2 below.   
 
 
 
Influent Effluent
Sludge to Dispo
Aeration
GBT
 
 
FIGURE 4.3-2:  NITROGEN REMOVAL PROCESSES - SEASONAL LIMIT OF 8 mg/L 
 
This process would require a total of 5 aeration tanks - 2 new tanks in addition to the 
existing three.  The new tanks would be the same size as each of the three existing tanks.  
This volume is adequate to fully nitrify the loads at this facility and then nitrates can be 
Denitrification 
Filters 
Methanol  
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removed through the use of denitrification filters.  The denitrification filter complex would 
have a footprint of approximately 5500 square feet with six cells each at approximately 22 
ft by 14 ft.   
 
In addition to the new aeration tanks and denitrification filters, it is also anticipated that the 
facility will require one additional secondary clarifier (in addition to the existing three) to 
be able to handle the future flow and loading conditions. 
 
As shown in the site plan in Figure 4.3-3, the site appears to have enough space for the 
additional aeration tanks, clarifier and the denitrification filters.  Specific information 
regarding the results of this analysis is shown in Table 4.3-5 below. 
 
Table 4.3-5 
RESULTS FOR SEASONAL LIMIT OF 8 mg/L TN 
 
PARAMETER VALUE 
Aerobic SRT 6 days 
Total SRT 6 days 
First Anoxic Fraction n/a 
Total Anoxic Fraction n/a 
Reaeration HRT n/a 
RAS Rate 100% 
Total Volume 3.12 MG 
Nitrate Recycle Rate n/a 
Max MLSS at Loading Rate 3800 mg/L 
Effluent TN 8 mg/L 
Methanol Addition Yes, in denitrification filter 
Fixed Film Required? No 
Clarifiers? Reuse existing and add one new one 
Effluent Filtration Required? Yes, denitrification filter 
 
The modifications related to the proposed upgrades described above do not appear to 
require any structure demolition.  The aeration tanks, clarifier and denitrification filters can 
be constructed in portions of the site that are currently unused. 
 
Other plant modifications may be needed including upgrades to sludge handling.  However, 
all facilities outside of the activated sludge process are outside of the scope of this study.   
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b.  Annual Average.  As indicated above, at the assumed influent TN levels for this 
facility, an MLE process will not accomplish an average annual effluent TN level of 8 
mg/L.  The MLE process will yield an annual average effluent TN of about 10 mg/L.  
Because of site limitations, the option that appears to suit the site the best is to use aeration 
tanks to nitrify and to then use denitrification filters for nitrogen removal.  The 
recommended option is shown in Figure 4.3-4 as follows. 
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FIGURE 4.3-4: 
NITROGEN REMOVAL PROCESSES – ANNUAL AVERAGE LIMIT OF 8 mg/L 
 
This process would require a total of seven aeration tanks – four new tanks in addition to 
the existing three.  The new tanks would be the same size as each of the three existing 
tanks.  This volume is adequate to fully nitrify the loads at this facility and then nitrates can 
be removed through the use of denitrification filters.  The denitrification filter complex 
would have a footprint of approximately 5500 square feet with six cells each at 
approximately 22 ft by 14 ft.     
 
In addition to the new aeration tanks and denitrification filters, it is also anticipated that the 
facility will require one additional secondary clarifier (in addition to the existing three) to 
be able to handle the future flow and loading conditions. 
 
As shown in the site plan in Figure 4.3-5, the site appears to have enough space for the 
additional aeration tanks, clarifier and denitrification filters.  Specific information 
regarding the results of this analysis is shown in Table 4.3-6 as follows. 
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Table 4.3-6 
RESULTS FOR ANNUAL AVERAGE LIMIT OF 8 mg/L TN 
 
PARAMETER VALUE 
Aerobic SRT 8.5 days 
Total SRT 8.5 days 
First Anoxic Fraction n/a 
Total Anoxic Fraction n/a 
Reaeration HRT n/a 
RAS Rate 100% 
Total Volume 4.37 MG 
Nitrate Recycle Rate n/a 
Max MLSS at Loading Rate 3800 mg/L 
Effluent TN 8 mg/L 
Methanol Addition Yes, in denitrification filter 
Fixed Film Required? n/a 
Clarifier? Reuse existing and add one new one 
Effluent Filtration Required? Yes, denitrification filter 
 
The modifications related to the proposed upgrades described above do not appear to 
require any structure demolition.  The aeration tanks, clarifier and denitrification filters can 
be constructed in portions of the site that are currently unused. 
 
Other plant modifications may be needed including upgrades to sludge handling.  However, 
all facilities outside of the activated sludge process are outside of the scope of this study.   
 
3. Modifications Required to Meet a TN of 5.  The modifications to the facility that 
are required to meet an effluent TN of 5 mg/L on a seasonal and annual average basis are as 
follows. 
 
a. Seasonal.  At the assumed influent TN levels for this facility and because of site 
limitations, the option that appears to suit the site the best is to achieve a seasonal effluent 
TN of 5 mg/L is to use the aeration tanks to nitrify and to then use denitrification filters for 
nitrogen removal.  The recommended option is shown in Figure 4.3-6 as follows.   
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FIGURE 4.3-6:  NITROGEN REMOVAL PROCESSES – SEASONAL LIMIT OF 5 mg/L 
 
This process would require a total of 5 aeration tanks - 2 new tanks in addition to the 
existing three.  The new tanks would be the same size as each of the three existing tanks. 
This volume is adequate to fully nitrify the loads at this facility and then nitrates can be 
removed through the use of denitrification filters.  The denitrification filter complex would 
have a footprint of approximately 5500 square feet with six cells each at approximately 22 
ft by 14 ft.     
 
In addition to the new aeration tanks and denitrification filters, it is also anticipated that the 
facility will require one additional secondary clarifier (in addition to the existing three) to 
be able to handle the future flow and loading conditions. 
 
As shown in the site plan in Figure 4.3-3, the site appears to have enough space for the 
additional aeration tanks, clarifier and denitrification filters.  Specific information 
regarding the results of this analysis is shown in Table 4.3-7 as follows. 
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Table 4.3-7 
RESULTS FOR SEASONAL LIMIT OF 5 mg/L TN 
 
PARAMETER VALUE 
Aerobic SRT 6 days 
Total SRT 6 days 
First Anoxic Fraction n/a 
Total Anoxic Fraction n/a 
Reaeration HRT n/a 
RAS Rate 100% 
Total Volume 3.12 MG 
Nitrate Recycle Rate n/a 
Max MLSS at Loading Rate 3800 mg/L 
Effluent TN 5 mg/L 
Methanol Addition Yes, in denitrification filter 
Fixed Film Required? No 
Clarifiers? Reuse existing and add one new one 
Effluent Filtration Required? Yes, denitrification filter 
 
The modifications related to the proposed upgrades described above do not appear to 
require any structure demolition.  The aeration tanks, clarifier and denitrification filters can 
be constructed in portions of the site that are currently unused. 
 
Other plant modifications may be needed including upgrades to sludge handling.  However, 
all facilities outside of the activated sludge process are outside of the scope of this study.   
 
b. Annual Average.  At the assumed influent TN levels for this facility and because of 
site limitations, the option that appears to suit the site the best is to achieve an annual 
average effluent TN of 5 mg/L is to use the aeration tanks to nitrify and to then use 
denitrification filters for nitrogen removal.  The recommended option is shown in Figure 
4.3-7 as follows.   
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FIGURE 4.3-7:   
NITROGEN REMOVAL PROCESSES – ANNUAL AVERAGE LIMIT OF 5 mg/L 
 
This process would require a total of seven aeration tanks - four new tanks in addition to 
the existing three.  The new tanks would be the same size as each of the three existing 
tanks.  This volume is adequate to fully nitrify the loads at this facility and then nitrates can 
be removed through the use of denitrification filters.  The denitrification filter complex 
would have a footprint of approximately 5500 square feet with six cells each at 
approximately 22 ft by 14 ft.     
 
In addition to the new aeration tanks and denitrification filters, it is also anticipated that the 
facility will require one additional secondary clarifier (in addition to the existing three) to 
be able to handle the future flow and loading conditions. 
   
As shown in the site plan in Figure 4.3-5, the site appears to have enough space for the 
additional aeration tanks, clarifier and denitrification filters.  Specific information 
regarding the results of this analysis is shown in Table 4.3-8 as follows. 
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Table 4.3-8 
RESULTS FOR ANNUAL AVERAGE LIMIT OF 5 mg/L TN 
 
PARAMETER VALUE 
Aerobic SRT 8.5 days 
Total SRT 8.5 days 
First Anoxic Fraction n/a 
Total Anoxic Fraction n/a 
Reaeration HRT n/a 
RAS Rate 100% 
Total Volume 4.37 MG 
Nitrate Recycle Rate n/a 
Max MLSS at Loading Rate 3800 mg/L 
Effluent TN 5 mg/L 
Methanol Addition Yes, in denitrification filter 
Fixed Film Required? n/a 
Clarifiers? Reuse existing and add one new one 
Effluent Filtration Required? Yes, denitrification filter 
 
The modifications related to the proposed upgrades described above do not appear to 
require any structure demolition.  The aeration tanks, clarifier and denitrification filters can 
be constructed in portions of the site that are currently unused. 
 
Other plant modifications may be needed including upgrades to sludge handling.  However, 
all facilities outside of the activated sludge process are outside of the scope of this study.   
 
D. Plant and Cost Summary.   
 
The following Table 4.3-9 presents flow data for the Amherst WWTF as well as the current 
nitrogen removal performance of the plant.   
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Table 4.3-9 
PLANT FLOW AND EFFLUENT LIMIT SUMMARY 
 
PARAMETER VALUE 
Permitted Flow (mgd) 7.1 
Existing Flow (2004-6) 4.2 
% of existing capacity 59 
Current average seasonal effluent TN (mg/L) 13 
Current average annual effluent TN (mg/L) 1 14 
Permit Limits 
     Seasonal Nitrification (mg/L) 
     Year-round  nitrification (mg/L) 
     Seasonal TN Limit 
     Annual TN Limit 
 
Report 
Report 
Report 
Report 
 
Table 4.3-10 presents the nitrogen removal processes identified in this section to achieve the four 
different permit conditions considered.  Based on the loading conditions established for this 
facility and the subsequent BioWin modeling performed using this data, the facility 
improvements include adding additional aeration tanks and using these tanks for ammonia 
removal only.  Other improvements include the installation of one additional secondary clarifier 
and denitrification filters for nitrate removal.  It also should be noted that influent nitrogen data 
was assumed for this facility.   
 
Table 4.3-10 
NITROGEN REMOVAL PROCESS SUMMARY FOR AMHERST WWTP 
 
MINOR 
MODIFICATIONS 
OR RETROFITS 
PROCESS TO 
ACHIEVE 
SEASONAL  
TN OF 8 MG/L 
PROCESS TO 
ACHIEVE ANNUAL 
AVERAGE  
TN OF 8 MG/L 
PROCESS TO 
ACHIEVE 
SEASONAL  
TN OF 5 MG/L 
PROCESS TO 
ACHIEVE ANNUAL 
AVERAGE  
TN OF   5 MG/L 
None 
Nitrification in 
aeration tanks 
followed by 
denitrification 
filters  
Nitrification in 
aeration tanks 
followed by 
denitrification 
filters 
Nitrification in 
aeration tanks 
followed by 
denitrification 
filters 
Nitrification in 
aeration tanks 
followed by 
denitrification 
filters 
 
The modifications required at Amherst to convert to a new nitrogen removal process are 
summarized in Table 4.3-11.  As noted previously, no minor modifications can be made to the 
treatment facility to improve nitrogen removal at the assumed influent nitrogen loads. 
 
4-34 
Table 4.3-11 
REQUIRED MODIFICATIONS SUMMARY FOR AMHERST WWTP 
 
MODIFICATIONS TO 
ACHIEVE SEASONAL  
TN OF 8 MG/L 
MODIFICATIONS TO 
ACHIEVE ANNUAL 
AVERAGE 
TN OF 8 MG/L 
MODIFICATIONS TO 
ACHIEVE SEASONAL  
TN OF 5 MG/L 
MODIFICATIONS TO 
ACHIEVE ANNUAL 
AVERAGE  
TN OF 5 MG/L 
SPECIAL 
CONDITIONS 
2 new aeration 
tanks, one new 
clarifier, 
denitrification 
filters 
4 new aeration 
tanks, one new 
clarifier, 
denitrification 
filters 
2 new aeration 
tanks, one new 
clarifier, 
denitrification 
filters  
4 new aeration 
tanks, one new 
clarifier, 
denitrification 
filters 
None 
 
The cost estimating procedures established in Section 2 were used to estimate capital, annual 
O&M, and 20-year present worth costs associated with the process changes and facility 
modifications summarized above.  The cost estimates are included in Table 4.3-12.  
 
Table 4.3-12 
COST SUMMARY FOR NITROGEN REMOVAL AT AMHERST WWTP1 
  
LIMIT CAPITAL COSTS (IN MILLIONS) 
TOTAL ANNUAL 
COSTS2 
(IN THOUSANDS) 
20-YR PRESENT 
WORTH 
(IN MILLIONS) 
Minor Modifications/Retrofits None n/a n/a 
Seasonal Effluent TN of 8 mg/L $48 $680 $57 
Annual Average Effluent TN of 8 mg/L $61 $1,200 $76 
Seasonal Effluent TN of 5 mg/L $48 $680 $57 
Annual Average Effluent TN of 5 mg/L $61 $1,200 $76 
1. It should be noted that these costs represent one method by which this facility can achieve the stated TN 
goals.  It is not intended to be the most cost effective method nor the recommended method, but it 
represents a planning tool for MassDEP to estimate the fiscal impacts of establishing total nitrogen limits.    
2. Represents incremental increase over current conditions. 
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4.4 NORTHAMPTON 
 
A. Introduction.  The Northampton wastewater treatment facility is located at 30 Hockanum 
Road in Northampton, MA.  It has a permitted capacity of 8.6 mgd and serves all of 
Northampton and portions of Williamsburg.  Approximately 8% of the total flow is from 
industrial/commercial dischargers.  Low septage loads (less than 1000 gpd) are received at the 
facility.  The collection system is over 95% separate, and there are no regulated CSOs in the 
service area. 
 
The original facility was completed in 1981.  One filter press was added in 1989, and the 
aeration system was converted to fine bubble diffusers in 1994.  Additional improvements in 
1994 include construction of the gravity belt thickener (GBT) building (which houses the 
blowers and GBTs), a second belt filter press, an odor control system and a lime silo.  Changes 
that have occurred since 1994 include replacement of the intermediate screw pumps with 
submersible pumps and converting the two digesters to sludge holding tanks.   
 
B. Existing Facilities. 
 
1. Description of existing facilities.  
All flow conveyed to the Northampton 
Wastewater Treatment Facility (WWTF) 
receives preliminary treatment which includes 
screening with a manual bar rack, grit removal 
and screenings comminutors.  The flow then 
passes through the influent Parshall flume to 
the three primary clarifiers.  After primary 
clarification, the flow is pumped to the 
aeration system. 
 
The facility has two aeration trains each of which consists of four square tanks in series.  Each 
tank is 51.5 ft square with a 13 ft sidewater depth.  The aeration tanks are followed by three 12 ft 
deep, 75 ft diameter secondary clarifiers. 
 
Secondary effluent receives disinfection with hypochlorite.  No dechlorination chemical is 
required since the effluent travels over a mile prior to being discharged to the Connecticut River 
Aerial photo from www.google.com
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during which time chlorine residual is dissipated in the pipeline.  An effluent pump station is 
available to pump effluent to the river if the water stage in the river is too high for the effluent to 
flow by gravity.  A process flow schematic is shown in the following Figure 4.4-1. 
 
 
 
 
 
 
 
 
FIGURE 4.4-1:  PROCESS FLOW SCHEMATIC – EXISTING FACILITY 
 
The plant wastes activated sludge continuously from the RAS line.  Primary sludge and waste 
activated sludge are thickened in two gravity thickeners and then dewatered with belt filter 
presses. Sludge cake is trucked offsite to Connecticut by private contractor.  The plant has an 
alternative for sludge thickening and disposal.  Sludge can be thickened with gravity belt 
thickeners and then thickened sludge can be trucked off-site.  If this method of solids handling is 
employed, the old digesters are used as thickened sludge holding tanks. 
 
All plant recycle flows (gravity thickener overflow and BFP filtrate) are returned upstream of the 
Parshall flume.  Septage is introduced to the manhole upstream of the headworks.  The influent 
sampler at this facility is located at the Parshall Flume, thus all plant flows including internal 
recycle flows are included in the influent loads.  
 
Two out of three primary clarifiers, both aeration trains (all eight tanks) and two out of three 
secondary clarifiers are in use under normal operation.  The plant currently is operating a portion 
of each aeration train as anoxic zones.  When a storm is imminent, the blowers and RAS pumps 
are turned off in an attempt to maintain the biomass within the system and prevent washout.  
Nitrification is not required, but the plant does not try to suppress nitrification at any time of the 
year. 
 
The plant has eleven full-time employees: five operators, four maintenance personnel, a lead 
operator and an IP officer.   
 
Preliminary Treatment –
Screening, Grit Removal, 
Comminutor Primary 
Clarifier
Aeration 
Tanks
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Clarifier
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Contact 
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There is very little room for expansion of the Northampton facility as shown in the aerial photos.  
There is a small area south of the maintenance building.  The only other alternative is to remove 
one of the two modes of handling solids at the plant.  Demolishing the old digesters (current 
storage tanks) and siting new bioreactor volume there would provide approximately 50% more 
aeration volume.  The existing foundations are slabs on footings, and there is evidence of sinking 
and cracking in the slabs due to the alternating layers of sand and clay.  It will be assumed that 
piles will be used for all new construction. 
 
2. Summary of Plant Data.  Data from January 2004 through December 2006 was 
provided by the Town for this study.  A summary of the monthly data is shown in Table 4.4-1.  
Seasonal and annual average and maximum month data is summarized in the table. 
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Table 4.4-1 
NORTHAMPTON WWTF 
Northampton, Massachusetts 
Monthly Averages 2003-2006 
 
GENERAL INFLUENT EFFLUENT 
DATE FLOW (AVG) FLOW (MAX) BOD TSS  TEMP RAW ALK BOD TSS F. COLI NO3 + NO2 TKN PH PH 
MONTH YEAR MGD MGD MG/L MG/L DEG C MG/L MG/L MG/L # / 100ML MG/L MG/L  MIN  MAX 
January 2004 5.2 6.1 232.5 167.1 10.3 120.2 13.2 11.5 ND  34.4 6.8 7.1 
February 2004 5.2 4.5 310.0 225.1 10.1 136.8 20.0 13.8 ND  30.4 6.8 7.1 
March 2004 5.1 10.2 256.5 171.1 9.6 118.2 11.0 6.8 ND  49.0 6.8 7.1 
April 2004 5.1 20.0 153.1 101.9 10.1 84.4 56.3 108.8 1.1 0.1 15.0 6.6 6.9 
May 2004 5.1 6.0 200.7 151.0 13.8 94.0 14.6 8.5 1.5 0.3 15.0 6.7 7.0 
June 2004 5.0 7.5 239.2 173.1 17.1 117.8 16.0 6.4 2.3 0.2 30.0 6.8 7.2 
July 2004 4.9 14.7 234.9 188.9 19.4 144.0 13.9 7.8 1.3 0.2 33.0 6.9 7.2 
August 2004 4.9 4.9 293.4 232.2 20.7 130.9 11.6 7.0 9.1 0.2 33.0 6.4 7.3 
September 2004 4.8 7.6 269.0 207.4 20.6 130.0 11.4 5.8 2.0 7.4 13.0 6.4 7.0 
October 2004 4.7 5.6 319.3 268.4 18.5 123.5 18.0 14.8 2.2 2.9 15.0 6.5 7.1 
November 2004 4.5 5.8 235.7 159.4 16.1 128.4 13.5 10.8 ND 0.8 27.0 6.8 7.1 
December 2004 4.4 6.2 255.4 298.7 12.9 116.4 11.1 9.8 ND 0.3 14.0 6.7 7.1 
January 2005 4.4 8.7 208.0 159.4 10.6 136.0 18.5 13.3 ND 0.5 22.0 6.7 7.0 
February 2005 4.5 5.7 183.6 143.9 9.0 121.3 15.1 15.1 ND 0.3 22.0 6.7 7.1 
March 2005 4.5 9.9 185.3 122.0 9.3 100.8 16.5 10.5 ND 0.2 18.0 6.7 7.1 
April 2005 4.4 10.3 166.1 119.5 10.8 97.3 13.6 7.2 0.9 0.5 8.6 6.7 7.0 
May 2005 4.4 6.2 225.2 170.0 13.9 110.7 14.9 7.5 0.9 0.1 16.0 6.7 7.2 
June 2005 4.4 4.9 275.6 211.9 17.5 131.6 19.5 12.3 1.0 0.2 22.0 6.9 7.2 
July 2005 4.4 4.8 303.1 374.0 20.1 127.8 19.0 3.5 1.0 1.6 31.0 6.7 7.2 
August 2005 4.4 4.0 376.0 416.2 22.0 146.4 11.4 4.5 1.6 7.1 7.3 6.6 7.1 
September 2005 4.3 3.6 356.5 291.4 22.2 136.2 16.9 14.3 1.4 2.7 27.0 6.7 7.1 
October 2005 4.4 14.6 177.1 141.0 18.8 106.8 11.4 8.3 2.8 3.4 18.0 6.4 7.1 
November 2005 4.5 6.3 208.1 195.4 15.5 103.1 18.9 24.0 ND 0.4 12.0 6.6 7.0 
December 2005 4.5 6.4 206.8 149.7 12.8 112.0 21.7 16.3 ND 0.2 17.0 6.6 7.1 
January 2006 4.7 13.7 132.6 126.1 10.1 94.2 48.8 24.0 ND 0.4 21.0 6.7 7.1 
February 2006 4.8 9.4 166.3 107.1 10.2 95.0 21.2 12.6 ND 0.5 8.6 6.7 7.0 
March 2006 4.7 4.2 227.1 155.0 10.6 122.0 21.9 9.8 ND 0.5 22.0 6.7 7.0 
April 2006 4.5 4.7 248.4 185.1 12.5 123.0 22.9 10.5 0.8 0.3 22.0 6.7 7.0 
May 2006 4.5 5.0 206.4 168.7 14.3 112.4 17.8 10.3 1.0 0.3 20.0 6.6 7.0 
June 2006 4.6 6.1 182.2 141.1 16.3 105.6 17.5 5.5 1.0 1.8 15.0 6.5 6.9 
July 2006 4.6 12.8 267.6 240.5 19.5 126.0 8.8 2.8 1.1 8.7 3.8 6.0 6.7 
August 2006 4.6 4.3 330.4 335.3 21.6 131.0 17.9 8.5 1.3 7.7 7.4 5.9 6.6 
September 2006 4.6 4.0 286.9 239.5 20.9 155.0 14.6 4.8 ND 7.3 2.0 5.8 6.5 
October 2006 4.4 7.3 232.1 189.9 18.5 128.0 8.1 4.0 0.9 6.5 8.0 6.0 6.6 
November 2006 4.4 6.7 158.9 138.8 15.2 98.7 9.6 5.8 ND 6.1 4.2 5.8 6.5 
December 2006 4.4 4.6 193.9 145.8 13.2 107.8 16.4 8.8 ND 6.0 3.5 5.8 6.4 
Min. Month 4.3 3.6 132.6 101.9 9.0 84.4 8.1 2.8 0.8 0.1 2.0 5.8 6.4 
Seasonal Average  4.6 6.9 265.3 230.0 18.6 125.4 14.6 7.6 1.9 3.2 17.6 6.5 7.0 
Average Annual  4.6 7.4 236.2 194.8 15.1 118.7 17.6 12.7 1.8 2.3 18.5 6.5 7.0 
 Max. Month 5.2 20.0 376.0 416.2 22.2 155.0 56.3 108.8 9.1 8.7 49.0 6.9 7.3 
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With a current average daily flow of 4.6 mgd and a permitted capacity of 8.6 mgd, this facility is 
operating at approximately 53% of its permitted capacity.  Based on the average BOD 
concentration of 236 mg/L and TSS concentration of 195 mg/L, this wastewater would be 
considered medium strength.  No influent nitrogen data is available for this plant. 
 
3. Permit Requirements and Current Performance.  The current permit for this 
facility has been in effect since May 23, 2002.  Monthly permit limits that are relevant to this 
study are shown below in Table 4.4-2. 
 
Table 4.4-2 
SELECT MONTHLY PERMIT LIMITS 
 
PARAMETER LIMIT 
BOD5 30 mg/L 
TSS 30 mg/L 
TKN Report 
Nitrite+Nitrate Nitrogen Report 
 
The above BOD, TSS and ammonia limits have been met in most months of the data collection 
period although there are three exceedances. 
 
4. Nitrogen Removal Performance.  This facility does not collect influent nitrogen 
data, and the majority of the effluent nitrogen data collected show little nitrification until July of 
2006. However, the one sample collected from July 2006 to December 2006 indicates a 
substantial reduction in TKN with a corresponding increase in nitrate and nitrite indicating that 
nitrification is occurring.  The effluent data also is based on only 1 sample per month as required 
by the permit. 
 
C. Nitrogen Removal Alternatives.  The existing maximum month loads over the three-year 
data collection period were used to determine the BioWin input data.  The raw influent data 
which correspond to maximum-month loads is shown in Table 4.4-3 below for each permitting 
scenario.  The minimum temperature for the permit condition is also shown.  In addition, due to a 
lack of influent nitrogen data, the TN/BOD ratio was estimated to be 0.18. 
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Table 4.4-3 
EXISTING INFLUENT PARAMETERS 
 
PERMIT CONDITION PARAMETER VALUE 
Flow, mgd 5.2 
BOD, mg/L 310 
TSS, mg/L 256 
TN, mg/L 56 
Average Annual 
Temperature, F 48 
Flow, mgd 4.3 
BOD, mg/L 357 
TSS, mg/L 294 
TN, mg/L 64 
Seasonal 
Temperature, F 57 
 
The existing plant data was then projected to the permitted capacity of the facility to develop 
model input parameters for the average annual and seasonal model runs.  The resultant data is 
shown in Table 4.4-4. 
 
Table 4.4-4 
MODEL INPUT PARAMETERS AT PERMITTED CAPACITY 
 
PERMIT CONDITION PARAMETER VALUE 
Flow, mgd 9.7 
BOD, mg/L 310 
TSS, mg/L 256 
TN, mg/L 56 
Average Annual 
Temperature, F 48 
Flow, mgd 8.0 
BOD, mg/L 357 
TSS, mg/L 294 
TN, mg/L 64 
Seasonal 
Temperature, F 57 
 
The model input data was used to run uncalibrated simulations to determine planning level, 
order-of-magnitude costs for implementing different levels of nitrogen reduction at the facility.  
A discussion of operational changes or minor modifications that can be made to the facility to 
4-41 
improve current nitrogen reduction performance as well as a presentation of the simulation 
results are presented in the following sections.   
 
1. Minor Modifications/Retrofits.  Since the plant is already operating a portion of its 
tank as an anoxic zone, there are no additional minor modifications that could be made to 
improve nitrogen removal.  
 
2. Modifications Required to Meet TN of 8 mg/L.  The modifications to the facility 
that are required to meet an effluent TN of 8 mg/L on a seasonal and annual average basis are as 
follows. 
 
a. Seasonal.  At the assumed influent TN levels for this facility, an MLE process 
will not accomplish a seasonal effluent TN level of 8 mg/L at the permitted flow.  
The MLE process will yield a seasonal effluent TN of 13 mg/L in the space available 
on the site.  A 4-stage Bardenpho process is recommended as shown in the BioWin 
model in Figure 4.4-2 below.   
 
 
 
 
 
 
 
FIGURE 4.4-2:  BIOWIN MODEL FOR SEASONAL TN LIMIT OF 8 mg/L 
 
In order to meet the 8 mg/L target, 50% more bioreactor volume is required.  As 
shown in the site plan in Figure 4.4-3, the site has enough space for the additional 
bioreactor volume if the existing digesters and digester building are demolished.  The 
existing two tanks would be modified to form two parallel Bardenpho trains in a plug 
flow configuration and the additional tankage would be added on to the end of the 
tanks.  Nitrate recycle pumps would be added. Structural modifications would be 
required to partition the tanks.  It is assumed that the diffuser layout would have to be 
replaced and blower capacity would have to be increased since the equipment is 14 
years old.   
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In addition to the aeration tank modifications, it is also anticipated that two new 
clarifiers (in addition to the existing two) will be required to operate the facility at the 
resultant model MLSS concentration. It should be noted that the existing clarifiers at 
this facility are 12 feet deep.  According to TR-16, clarifiers at nitrogen removal 
facilities should be a minimum of 13 feet deep.  Because the clarifiers do not meet the 
minimum requirements set forth in Section 2, it is recommended that they be further 
evaluated to determine if they will require replacement or derating because of the 
shallow depth.  The new clarifiers would be stacked and located in the open space 
south of the maintenance building.  Intermediate pumping would be required. 
 
Specific information regarding the design results is shown in Table 4.4-5 below. 
 
Table 4.4-5 
RESULTS FOR SEASONAL LIMIT OF 8 mg/L TN 
 
PARAMETER VALUE 
Aerobic SRT 6.4 days 
Total SRT 14.5 days 
First Anoxic Fraction 24% 
Total Anoxic Fraction 56% 
Reaeration HRT 12 minutes 
Total Volume 3.1 MG 
RAS Rate 50% 
Nitrate Recycle Rate 400% 
Max MLSS at Loading Rate 3,200 mg/L 
Effluent TN 7.0 mg/L 
Methanol Addition No 
Fixed Film Required? No 
Clarifiers? 2 new clarifiers 
Effluent Filtration Required? No 
 
Other plant modifications may be needed including screening and upgrades to sludge 
handling.  However, all facilities outside of the activated sludge process are outside of 
the scope of this study.   
 
b. Annual Average.  At the assumed influent TN levels for this facility, an MLE 
process will not accomplish an average annual effluent TN level of 8 mg/L at the 
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permitted flow.  An MLE process will yield an annual average effluent TN of about 
12 mg/L in the space available on the site.  A 4-stage Bardenpho process with both 
methanol addition to the second anoxic zone and IFAS in the aerobic zone is 
recommended as shown in the BioWin model in Figure 4.4-4 as follows.   
 
 
 
 
 
 
 
FIGURE 4.4-4:  BIOWIN MODEL FOR ANNUAL AVERAGE TN LIMIT OF 8 mg/L 
 
In order to meet the 8 mg/L target, 50% more reactor volume is required.  As shown 
in the site plan in Figure 4.4-5, the site has enough space for the additional bioreactor 
volume if the existing digesters and digester building are demolished. The existing 
two tanks would be modified to form two parallel Bardenpho trains in a plug flow 
configuration and the additional tankage would be added on to the end of the tanks.  
IFAS media would also be required to meet the TN limit since the MLSS 
concentration estimated for Bardenpho without IFAS exceeds the upper limit of 4,000 
mg/L established for this study in the design criteria.  Additional blower capacity 
would be required due to the IFAS system. Nitrate recycle pumps would be added as 
well as a methanol feed facility. Structural modifications would be required to 
partition the tanks.   
 
In addition to the aeration tank modifications, it is also anticipated that one new 
clarifier (in addition to the existing two) will be required to operate the facility at the 
resultant model MLSS concentration. It should be noted that the existing clarifiers at 
this facility are 12 feet deep.  According to TR-16, clarifiers at nitrogen removal 
facilities should be a minimum of 13 feet deep.  Because the clarifiers meet the 
minimum requirements set forth in the QA/QC procedures in Section 2, it is 
recommended that they be further evaluated to determine if they will require 
replacement or derating because of the shallow depth.  The new clarifier would be 
located in the open space south of the maintenance building.  It is anticipated that 
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WAS pumping capacity would have to be added to maintain the design SRT with the 
IFAS system. 
 
Specific information regarding the design results is shown in Table 4.4-6 as follows. 
 
Table 4.4-6 
RESULTS FOR ANNUAL AVERAGE LIMIT OF 8 mg/L TN 
 
PARAMETER VALUE 
Aerobic SRT N/A 
Total SRT 9.0 days 
First Anoxic Fraction 16% 
Total Anoxic Fraction 32% 
Reaeration HRT 12 minutes 
Total Volume 3.1 MG 
RAS Rate 50% 
Nitrate Recycle Rate 400% 
Max MLSS at Loading Rate 2,600 mg/L 
Effluent TN 7.4 mg/L 
Methanol Addition Yes; 600 gpd 
Fixed Film Required? Yes; 50% fill 
Clarifiers? 1 new clarifier 
Effluent Filtration Required? No 
 
Other plant modifications may be needed including screening and upgrades to sludge 
handling.  However, all facilities outside of the activated sludge process are outside of 
the scope of this study.   
 
3. Modifications Required to Meet a TN of 5 mg/L.  The modifications to the facility that 
are required to meet an effluent TN of 5 mg/L on a seasonal and annual average basis are as 
follows. 
 
a. Seasonal.  At the assumed influent TN levels for this facility, a 4-stage 
Bardenpho process with both methanol addition to the second anoxic zone and IFAS 
in the aerobic zone is recommended to achieve a seasonal effluent TN of 5 mg/L as 
shown in the BioWin model in the following Figure 4.4-6.    
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FIGURE 4.4-6:  BIOWIN MODEL FOR SEASONAL TN LIMIT OF 5 mg/L 
 
In order to meet the 5 mg/L target, 50% more bioreactor volume is required.  As 
shown in the site plan in Figure 4.4-5, the site has enough space for the additional 
volume if the existing digesters and digester building are demolished.  The existing 
two tanks would be modified to form two parallel Bardenpho trains in a plug flow 
configuration and the additional tankage would be added on to the end of the tanks.  
IFAS media would also be required to meet the TN limit.  Additional blower capacity 
would be required due to the IFAS system.  Nitrate recycle pumps would be added as 
well as a methanol feed facility. Structural modifications would be required to 
partition the tanks.   
 
In addition to the aeration tank modifications, it is also anticipated that one new 
clarifier (in addition to the existing two) will be required to operate the facility at the 
resultant model MLSS concentration. It should be noted that the existing clarifiers at 
this facility are 12 feet deep.  According to TR-16, clarifiers at nitrogen removal 
facilities should be a minimum of 13 feet deep.  Because the clarifiers do not meet the 
minimum requirements set forth in Section 2, it is recommended that they be further 
evaluated to determine if they will require replacement or derating because of the 
shallow depth.  The new clarifiers would be located in the open space south of the 
maintenance building.  It is anticipated that WAS pumping capacity would have to be 
added to maintain the design SRT with the IFAS system.  
 
Specific information regarding the design results is shown in Table 4.4-7 below. 
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Table 4.4-7 
RESULTS FOR SEASONAL LIMIT OF 5 mg/L TN 
 
PARAMETER VALUE 
Aerobic SRT N/A 
Total SRT 10.1 
First Anoxic Fraction 16% 
Total Anoxic Fraction 46% 
Reaeration HRT 24 minutes 
Total Volume 3.1 MG 
RAS Rate 50% 
Nitrate Recycle Rate 400% 
Max MLSS at Loading Rate 3,000 mg/L 
Effluent TN 4.6 mg/L 
Methanol Addition Yes; 1,200 gpd (6 months) 
Fixed Film Required? Yes; 50% fill 
Clarifiers? 1 new clarifier 
Effluent Filtration Required? No 
 
Other plant modifications may be needed including screening and upgrades to sludge 
handling.  However, all facilities outside of the activated sludge process are outside of 
the scope of this study.   
 
b. Annual Average.  At the assumed influent TN levels for this facility, a 4-stage 
Bardenpho process with both methanol addition to the second anoxic zone and IFAS 
in the aerobic zone is recommended to achieve an average annual effluent TN of 5 
mg/L as shown in the BioWin model in Figure 4.4-7. 
 
 
 
 
 
FIGURE 4.4-7:  BIOWIN MODEL FOR ANNUAL AVERAGE TN LIMIT OF 5 mg/L 
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In order to meet the 5 mg/L target, 50% more volume is required.  As shown in the 
site plan in Figure 4.4-8, the site has enough space for the additional volume if the 
existing digesters and digester building are demolished.  The existing two tanks 
would be modified to form two parallel Bardenpho trains in a plug flow configuration 
and the additional tankage would be added on to the end of the tanks.  IFAS media 
would also be required to meet the TN limit.  Additional blower capacity would be 
required due to the IFAS system.  Nitrate recycle pumps would be added as well as a 
methanol feed facility.  Structural modifications would be required to partition the 
tanks.  
 
In addition to the aeration tank modifications, it is also anticipated that two new 
clarifiers (in addition to the existing two) will be required to operate the facility at the 
resultant model MLSS concentration.  It should be noted that the existing clarifiers at 
this facility are 12 feet deep.  According to TR-16, clarifiers at nitrogen removal 
facilities should be a minimum of 13 feet deep.  Because the clarifiers do not meet the 
minimum requirements set forth in Section 2, it is recommended that they be further 
evaluated to determine if they will require replacement or derating because of the 
shallow depth.  The new clarifiers would be located in the open space south of the 
maintenance building.  It is anticipated that WAS pumping capacity would have to be 
added to maintain the design SRT with the IFAS system. 
 
  Specific information regarding the design results is shown in Table 4.4-8 as follows. 
 
 
 
 
 
 
 
 
 
 
 
(continued) 
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Table 4.4-8 
RESULTS FOR ANNUAL AVERAGE TN LIMIT OF 5 mg/L  
 
PARAMETER VALUE 
Aerobic SRT N/A 
Total SRT 8.6 days 
First Anoxic Fraction 16% 
Total Anoxic Fraction 32% 
Reaeration HRT 20 minutes 
Total Volume 3.1 MG 
RAS Rate 50% 
Nitrate Recycle Rate 400% 
Max MLSS at Loading Rate 3,200 mg/L 
Effluent TN 4.7 mg/L 
Methanol Addition Yes; 2,000 gpd 
Fixed Film Required? Yes; 50 % fill 
Clarifiers? 2 new clarifiers 
Effluent Filtration Required? No 
 
Other plant modifications may be needed including screening and upgrades to sludge 
handling.  However, all facilities outside of the activated sludge process are outside of 
the scope of this study.   
 
D. Plant and Cost Summary.   
 
The following Table 4.4-9 presents flow data for the Northampton WWTP as well as the current 
nitrogen removal performance of the plant.  As shown, the facility is achieving minimal nitrogen 
removal both seasonally and year-round with their current Ludzack-Ettinger process.   
 
 
 
 
 
 
 
 
(continued) 
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Table 4.4-9 
PLANT FLOW AND EFFLUENT LIMIT SUMMARY 
 
PARAMETER VALUE 
Permitted Flow (mgd) 8.6 
Existing Flow (2004-6) 4.6 
% of permitted capacity 53.5 
Current average seasonal effluent TN (mg/L)1 20.8 
Current average annual effluent TN (mg/L) 1 20.8 
Permit Limits 
     Seasonal Nitrification (mg/L) 
     Year-round  nitrification (mg/L) 
     Seasonal TN Limit 
     Annual TN Limit 
 
No 
No 
Report 
Report 
 
Table 4.4-10 presents the nitrogen removal processes required to meet the four different permit 
conditions considered.  Based on the BioWin modeling performed, the facility will need to 
convert to a Bardenpho process to consistently meet a seasonal TN permit of 8 mg/L.  It will 
need to convert to a Bardenpho process with IFAS and methanol addition to consistently meet an 
annual average TN limit of 8 mg/L both 5 mg/L TN limits.  The BioWin models were run at 
permitted capacity in the available room for expansion with an assumed ammonia to BOD ratio 
since no influent nitrogen data was available.   
 
Table 4.4-10 
NITROGEN REMOVAL PROCESS SUMMARY FOR NORTHAMPTON WWTF 
 
EXISTING 
PROCESS  
PROCESS TO 
ACHIEVE 
SEASONAL  
TN OF 8 MG/L 
PROCESS TO 
ACHIEVE 
ANNUAL 
AVERAGE  
TN OF 8 MG/L 
PROCESS TO 
ACHIEVE 
SEASONAL  
 TN OF 5 MG/L 
PROCESS TO 
ACHIEVE 
ANNUAL 
AVERAGE  
TN OF   5 MG/L 
Ludzack-
Ettinger Bardenpho 
Bardenpho w/ 
IFAS and 
methanol 
addition 
Bardenpho w/ 
IFAS and 
methanol 
addition 
Bardenpho w/ 
IFAS and 
methanol 
addition 
 
The modifications required at Northampton to convert to a new nitrogen removal process are 
summarized in Table 4.4-11.  As noted, no minor modifications can be made to the treatment 
facility to improve nitrogen removal since they currently operate in a Ludzack-Ettinger mode. 
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Table 4.4-11 
REQUIRED MODIFICATIONS SUMMARY FOR NORTHAMPTON WWTF 
 
MINOR 
MODIFICATIONS/ 
RETROFITS 
MODIFICATIONS 
TO ACHIEVE 
SEASONAL  
TN OF 8 MG/L 
MODIFICATIONS TO 
ACHIEVE ANNUAL 
AVERAGE 
TN OF 8 MG/L 
MODIFICATIONS TO 
ACHIEVE SEASONAL  
TN OF 5 MG/L 
MODIFICATIONS TO 
ACHIEVE ANNUAL 
AVERAGE  
TN OF 5 MG/L 
SPECIAL 
CONDITIONS 
None 
50% more volume 
added to end of 
existing tanks; 
conversion to 
plug flow; 
aeration 
equipment; nitrate 
recycle pumps; 2 
new clarifiers; 
demolition 
existing digesters 
 
50% more volume 
added to end of 
existing tanks; 
conversion to plug 
flow; aeration 
equipment; nitrate 
recycle pumps; 
IFAS system; 1 
new clarifier; 
methanol feed 
facility; demolition 
existing digesters 
50% more volume 
added to end of 
existing tanks; 
conversion to plug 
flow; aeration 
equipment; nitrate 
recycle pumps; 
IFAS system; 1 
new clarifier; 
methanol feed 
facility; demolition 
existing digesters 
50% more volume 
added to end of 
existing tanks; 
conversion to plug 
flow; aeration 
equipment; nitrate 
recycle pumps; 
IFAS system; 2 
new clarifiers; 
methanol feed 
facility; demolition 
existing digesters 
Extremely 
space-limited 
site; would 
have to 
remove one of 
the sludge 
processing 
methods to fit 
necessary 
tankage  
 
The cost estimating procedures established in Section 2 were used to estimate capital, annual 
O&M, and 20-year present worth costs associated with the process changes and facility 
modifications summarized above.  The cost estimates are included in Table 4.4-12.   
 
The table also includes costs for a potential MLE configuration.  As noted in Section 2, the first 
anoxic and aerobic volumes from the Bardenpho configuration are assumed to be the volume for 
the MLE process.  This cost is included since it is unknown whether permitted flows will ever be 
reached and since no nitrogen data or influent characterization was available to calibrate the 
model.  The sizing is not based on model runs; it is included only to give a relative cost for a 
potentially smaller MLE system.  At Northampton, the decreased volume equates to 25% less 
new bioreactor volume for annual permit conditions and not requiring any additional bioreactor 
volume for seasonal permit conditions.  Everything else is assumed to be the same between the 
process alternatives. 
 
 
 
 
 
(continued) 
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Table 4.4-12 
COST SUMMARY FOR NITROGEN REMOVAL AT NORTHAMPTON WWTF1 
 
LIMIT CAPITAL COSTS (IN MILLIONS) 
TOTAL ANNUAL 
COSTS2 
(IN MILIONS) 
20-YR PRESENT 
WORTH 
(IN MILLIONS) 
Minor Modifications/Retrofits None N/A N/A 
Seasonal Effluent TN of 8 mg/L $20 $0.15 $21 
MLE Configured Tanks $11 $0.13 $13 
Annual Average Effluent TN of 8 mg/L $35 $0.83 $46 
MLE Configured Tanks $32 $0.82 $42 
Seasonal Effluent TN of 5 mg/L $36 $0.83 $46 
Annual Average Effluent TN of 5 mg/L $39 $1.40 $57 
1. It should be noted that these costs represent one method by which this facility can achieve the stated TN 
goals.  It is not intended to be the most cost effective method nor the recommended method, but it 
represents a planning tool for MassDEP to estimate the fiscal impacts of establishing total nitrogen limits. 
2. Represents incremental increase over current conditions. 
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4.5 HOLYOKE 
 
A. Introduction.  The Holyoke Water Pollution 
Control Faclity (WPCF) is located at One Berkshire 
Street in Holyoke, MA.  It has a permitted average 
annual capacity of 17.5 mgd and serves the City of 
Holyoke only.   
 
The first facility was built in the 1950s.  The last 
major upgrade was in 1977. 
 
B. Existing Facilities.   
 
1. Description of Existing Facilities.  All 
flow is conveyed to the Holyoke WPCF by gravity 
where it enters the Headworks Building.  This 
structure contains bar screens and aerated grit 
removal.  The flow is then pumped to the primary 
clarifiers. 
 
Primary effluent is then conveyed by gravity to the 
two Oxygenation Tanks.  The oxygenation tanks 
are supplied with high purity oxygen for a high 
rate BOD removal process.  The oxygenation tanks are each 144 ft long by 48 ft wide with an 
11.25 ft sidewater depth.  Four secondary clarifiers follow the Oxygenation Tanks.  The clarifiers 
are each 100 ft diameter and 12 feet deep. 
 
Secondary effluent is conveyed by gravity to the chlorine contact tank before being discharged to 
the Connecticut River.  Plant effluent normally is discharged by gravity, but the facility is 
equipped with flood pumps in the event of high water elevations in the receiving water body.   
 
Primary sludge is thickened in gravity thickeners and waste activated sludge is thickened in a 
rotary drum thickener.  After thickening, the two sludges are combined in a pipe before being fed 
to a belt filter press.  A process flow schematic is shown in Figure 4.5-1. 
Aerial photo from www.google.com 
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FIGURE 4.5-1:  PROCESS FLOW SCHEMATIC – EXISTING FACILITY 
 
The main plant recycle flow from the sludge processes is reintroduced to the waste stream prior 
to the Headworks Building, but after the influent sampler.  The effluent sampler is located after 
disinfection.   
 
The City of Holyoke has combined sewer overflows (CSO) and is in the process of reducing 
them.  In 2007, a new CSO facility is being constructed adjacent to the existing WPCF.  This 
CSO facility includes a pump station, disinfection and dechlorination facilities. 
 
In addition, the facility receives flow from five industries with pretreatment programs.  A local 
paper plant contributes to occasional high TSS loads.  In addition, the paper plant discharges 
various colors to the wastewater. 
 
Since October 1, 2005, both Oxygenation Tanks have been in operation.  For the six years prior 
to that, only one tank was in use. 
 
The plant is operated by Aquarion and includes nineteen full-time employees including the plant 
superintendent.  This crew serves the plant, collection system, flood pumping facilities, the new 
CSO facility and street sweeping.  
     
Design flows and loads for the most recent upgrade were not made available. 
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2. Summary of Plant Data.  Data from January 2004 through December 2006 was 
provided by the Town for this study.  A summary of the monthly data is shown in the following 
Table 4.5-1.  Seasonal and annual average and maximum month data is summarized in the table. 
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Table 4.5-1 
HOLYOKE WPCF 
Holyoke, Massachusetts 
Monthly Averages 2004-2006 
 
GENERAL  INFLUENT EFFLUENT 
DATE INF PH BOD TSS NO3 NO2 TKN NH3 TEMP DO BOD TSS FECAL NO2 + NO3 TKN NH3 TN 
MONTH YEAR MGD  MG/L MG/L MG/L MG/L MG/L MG/L DEG F MG/L MG/L MG/L COLI. MG/L MG/L MG/L MG/L 
January 2004 9.50 6.7 155 168 0.81 0.08 20.0 8.0 54 6.3 10.1 6.3  1.4 4.60 3.58 5.98 
February 2004 8.00 6.7 189 175 0.05 0.01 26.8 7.4 56 5.0 15.1 9.1  0.7 6.70 3.46 7.40 
March 2004 8.60 6.7 181 207 0.05 0.01 20.0 7.6 55 4.9 14.7 8.9  0.9 8.30 4.30 9.18 
April 2004 12.10 6.6 120 155 0.25 0.02 12.0 3.5 51 8.0 11.2 11.7 9 0.9 9.50 2.90 10.44 
May 2004 9.60 6.6 204 185 0.05 0.22 9.2 4.9 62 5.8 12.5 9.8 6 0.6 5.10 1.80 5.68 
June 2004 8.00 6.4 219 243 0.05 0.07 30.0 14.0 63 6.6 9.8 8.5 1 1.5 6.40 4.40 7.87 
July 2004 7.50 6.1 217 201 0.05 0.01 64.0 11.0 71 6.1 9.7 8.9 7 2.1 13.00 5.70 15.05 
August 2004 6.00 5.9 232 201 0.05 0.01 24.0 10.0 76 5.2 10.3 14.6 1 0.8 7.80 3.60 8.63 
September 2004 8.40 5.8 150 211 0.05 0.01 66.0 13.0 75 5.8 8.4 11.4 0 2.5 22.00 12.00 24.45 
October 2004 8.10 6.2 131 178 0.05 0.03 23.0 5.3 71 5.1 12.2 15.8 1 1.0 9.10 4.20 10.09 
November 2004 7.70 6.3 188 211 0.05 0.01 22.0 7.2 69 5.7 12.3 9.5  0.8 5.30 3.20 6.07 
December 2004 10.10 6.4 151 143 0.21 0.17 18.0 9.2 61 7.5 13.9 7.6  1.1 4.60 2.90 5.66 
January 2005 8.00 6.6 110 111 0.05 0.01 12.0 4.9 55 7.0 9.1 6.3  0.9 3.90 2.60 4.84 
February 2005 9.60 6.5 117 136 0.63 0.01 6.4 3.0 57 6.4 11.5 8.3  0.9 6.90 5.40 7.82 
March 2005 9.60 6.5 105 123 0.05 0.03 14.0 3.9 56 5.3 12.2 8.0  1.3 6.10 4.10 7.36 
April 2005 13.40 6.4 80 109 0.08 0.15 9.2 3.6 56 7.1 8.0 10.9 6 1.0 4.60 3.10 5.61 
May 2005 9.10 6.3 110 139 0.05 0.01 14.0 5.4 61 6.2 7.0 7.9 3 0.5 3.90 3.00 4.39 
June 2005 7.40 6.2 98 149 0.05 0.03 13.0 3.5 67 5.9 6.9 6.0 1 0.6 1.60 2.40 2.21 
July 2005 7.10 6.1 131 213 0.05 0.01 18.0 5.0 73 5.6 8.7 8.5 7 0.9 33.00 5.00 33.94 
August 2005 6.90 6.1 133 264 0.05 0.01 18.0 5.0 74 4.9 8.8 10.5 28 1.1 7.60 5.90 8.71 
September 2005 6.20 6.2 169 227 0.05 0.01 33.0 6.3 73 5.1 10.8 12.9 9 0.7 6.10 3.80 6.81 
October 2005 15.00 6.3 109 158 0.05 0.01 8.0 2.8 73 8.1 5.6 7.8 1 0.8 1.90 0.36 2.73 
November 2005 10.30 6.7 130 119 0.05 0.01 13.0 5.0 66 5.8 6.9 6.3  0.6 4.40 3.30 4.95 
December 2005 9.60 7 155 179 0.05 0.01 17.0 10.0 59 6.5 7.4 6.2  0.6 5.30 3.60 5.87 
January 2006 12.90 7.1 140 204 0.05 0.01 9.6 4.7 64 7.6 10.5 6.3  0.9 2.60 1.60 3.52 
February 2006 9.90 7.2 162 167 0.22 0.01 15.0 8.6 56 4.8 12.7 8.2  0.7 6.30 4.70 6.97 
March 2006 7.40 7.2 234 230 0.05 0.01 21.0 12.0 57 4.4 24.2 16.3  0.7 11.00 8.20 11.73 
April 2006 7.40 7.1 236 247 0.05 0.01 20.0 11.3 61 5.3 27.7 15.4 8 1.3 10.20 11.60 11.48 
May 2006 10.10 7.2 187 213 0.30 0.01 16.5 4.6 64 6.0 18.0 9.6 24 1.0 4.79 3.26 5.78 
June 2006 9.80 7.1 174 234 0.05 0.01 24.0 6.3 66 5.5 13.8 8.7 17 1.3 6.30 5.20 7.58 
July 2006 8.60 7 180 248 0.05 0.10 28.0 7.5 69 5.8 14.1 11.2 74 0.8 12.30 5.80 13.06 
August 2006 8.20 7 214 280 0.05 0.01 20.0 8.7 73 5.4 14.7 16.3 74 0.7 4.59 4.36 5.33 
September 2006 8.30 7 273 376 0.05 0.01 31.0 11.7 70 5.5 9.8 10.2 18 1.0 38.50 9.07 39.47 
October 2006 9.70 7 225 255 0.36 0.23 19.0 14.1 66 5.4 10.3 13.4 8 0.9 3.93 2.88 4.78 
November 2006 10.90 7 179 210     65 5.2 18.5 27.1   4.74 2.74  
December 2006 8.70 6.9 259 314 0.05 0.01 23.0 9.6 64 5.2 11.5 14.7  1.2 6.08 3.47 7.29 
Min. Month 6.00 5.80 80 109 0.05 0.01 6.40 2.80 51.0 4.40 6 6.0 0 0.49 1.60 0.36 2.21 
Seasonal Average 8.56 6.47 175.33 220.83 0.08 0.04 25.48 7.73 69.28 5.78 10.63 10.67 15.56 1.04 10.44 4.60 11.48 
Average 9.10 6.61 167.97 199.53 0.12 0.04 21.08 7.39 64.1 5.89 11.91 10.5 14.43 0.98 8.31 4.37 9.39 
 Max. Month 15.00 7.20 273.00 376.00 0.81 0.23 66.00 14.10 76.0 8.10 27.70 27.1 74.00 2.45 38.50 12.00 39.47 
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With a current average annual flow of 9.1 mgd and a permitted capacity of 17.5 mgd, this facility 
is operating at approximately 50% of its permitted capacity. 
 
Based on the average BOD concentration of 168 mg/L and TN concentration of 21 mg/L, this 
wastewater has a BOD concentration that is between weak and medium strength wastewater, but 
a TN concentration that is clearly weak.  Thus, the TN/BOD ratio is 0.13 which is low (a more 
typical TN/BOD ratio is 0.18). 
 
3. Permit Requirements and Current Performance.  The current permit for this 
facility has been in effect since September 29, 2006.  Monthly permit limits that are relevant to 
this study are shown below in Table 4.5-2. 
 
Table 4.5-2 
SELECT MONTHLY PERMIT LIMITS 
 
PARAMETER LIMIT 
CBOD5 30 mg/L 
TSS 30 mg/L 
Ammonia, TKN, Nitrate, Nitrite Report 
 
The plant has met its permit for the above parameters for all months that are included in this 
study.    
 
4. Nitrogen Removal Performance.  This facility collects a limited number of influent 
nitrate, nitrite, TKN and ammonia data.  In addition, the same parameters are measured in the 
plant effluent as can be seen in Table 4.5-1, the facility does not fully nitrify. 
 
C. Nitrogen Removal Alternatives.  The existing maximum month loads over the three-year 
data collection period were used to determine the BioWin input data.  The influent data which 
correspond to maximum-month loads is shown in the following Table 4.5-3 for each permitting 
scenario.  The minimum temperature for the permit condition is also shown.    
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Table 4.5-3 
EXISTING INFLUENT PARAMETERS 
 
PERMIT CONDITION PARAMETER VALUE 
Flow, mgd 8.30 
BOD, mg/L 273 
TSS, mg/L 324 
TN, mg/L 31 
Annual Average 
Temperature, F 51 
Flow, mgd 8.30 
BOD, mg/L 273 
TSS, mg/L 324 
TN, mg/L 31 
Seasonal  
Temperature, F 61 
  
The existing plant data was then projected to the permitted capacity of the facility to develop 
model input parameters for the average annual and seasonal model runs.  This projected data is 
shown in Table 4.5-4. 
 
Table 4.5-4 
MODEL INPUT PARAMETERS AT PERMITTED CAPACITY 
 
PERMIT CONDITION PARAMETER VALUE 
Flow, mgd 15.96 
BOD, mg/L 273 
TSS, mg/L 324 
TN, mg/L 31 
Annual Average 
Temperature, F 51 
Flow, mgd 15.96 
BOD, mg/L 273 
TSS, mg/L 324 
TN, mg/L 31 
Seasonal 
Temperature, F 61 
 
The model input data was used to run uncalibrated simulations to determine planning level, 
order-of-magnitude costs for implementing different levels of nitrogen reduction at the facility.  
A discussion of operational changes or minor modifications that can be made to the facility to 
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improve current nitrogen reduction performance as well as a presentation of the simulation 
results are presented in the following sections.   
 
The existing site is extremely limited and is nearly at its full build-out condition.  There appears 
to be space for one more aeration (oxygenation) tank and very limited space elsewhere on the 
site.   
 
1. Minor Modifications/Retrofits.  At the current influent TN levels, there are no 
operational or minor modifications/retrofits that could be implemented at this facility to 
consistently achieve nitrogen removal.   
 
2. Modifications Required to Meet TN of 8.  This site is too limited to expand the 
existing process.  For example, the site would require twelve additional aeration tanks in addition 
to the two existing tanks in order to be able to merely achieve the seasonal limit of 8 mg/L TN.  
Thus, the facility is a candidate for either expansion on another site or use of newer technologies 
such as membrane or biological aerated filters (BAF).  Figure 4.5-2 shows a proposed layout of 
BAFs and denitrification filters on the existing site and Figure 4.5-3 shows the schematic of the 
facility with the new processes.  The BAF would consist of a footprint of approximately 30,200 
square feet and would consist of twelve cells each at approximately 48 ft by 27 ft.  The 
denitrification filter complex would have a footprint of approximately 9900 square feet with six 
cells, each at approximately 30 ft by 20 ft. 
 
 
 
 
 
 
 
 
 
 
 
FIGURE 4.5-3:   
PLANT FLOW SCHEMATIC FOR TN LIMIT OF 8 mg/L 
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The modifications related to the proposed upgrades described above would require the 
demolition of the oxygenation tanks and secondary clarifiers.  Other plant modifications may be 
needed including upgrades to sludge handling.  However, all facilities outside of the activated 
sludge process are outside of the scope of this study.   
 
3. Modifications Required to Meet a TN of 5.  Meeting a lower limit will require the 
same type of technology that was presented above. 
 
D. Plant and Cost Summary.   
 
The following Table 4.5-5 presents flow data for the Holyoke WPCF as well as the current 
nitrogen removal performance of the plant.   
 
Table 4.5-5 
PLANT FLOW AND EFFLUENT LIMIT SUMMARY 
 
PARAMETER VALUE 
Permitted Flow (mgd) 17.5 
Existing Flow (2004-6) 9.1 
% of existing capacity 52 
Current average seasonal effluent TN (mg/L) 11.5 
Current average annual effluent TN (mg/L)  9.4 
Permit Limits 
     Seasonal Nitrification (mg/L) 
     Year-round  nitrification (mg/L) 
     Seasonal TN Limit 
     Annual TN Limit 
 
Report 
Report 
Report 
Report 
 
Table 4.5-6 presents the nitrogen removal processes identified in this section to achieve the four 
different permit conditions considered.  Based on the loading conditions established for this 
facility and due to extreme space limitations, modifications to the existing facility are not 
possible to be able to achieve the permit conditions in this study.  A biological aerated filter is 
one technology that could be used at this site to achieve TN limits of 5 and 8 mg/L.   
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Table 4.5-6 
NITROGEN REMOVAL PROCESS SUMMARY FOR HOLYOKE WPCF 
 
MINOR 
MODIFICATIONS 
OR RETROFITS 
PROCESS TO 
ACHIEVE 
SEASONAL  
TN OF 8 MG/L 
PROCESS TO 
ACHIEVE ANNUAL 
AVERAGE  
TN OF 8 MG/L 
PROCESS TO 
ACHIEVE 
SEASONAL  
TN OF 5 MG/L 
PROCESS TO 
ACHIEVE ANNUAL 
AVERAGE  
TN OF   5 MG/L 
None 
Biological aerated 
filters followed by 
denitrification 
filters  
Biological aerated 
filters followed by 
denitrification 
filters 
Biological aerated 
filters followed 
by denitrification 
filters 
Biological aerated 
filters followed by 
denitrification 
filters 
 
The modifications required at Holyoke to convert to a new nitrogen removal process are 
summarized in Table 4.5-7.  As noted previously, no minor modifications can be made to the 
treatment facility to improve nitrogen removal. 
 
Table 4.5-7 
REQUIRED MODIFICATIONS SUMMARY FOR HOLYOKE WPCF 
 
MODIFICATIONS TO 
ACHIEVE SEASONAL  
TN OF 8 MG/L 
MODIFICATIONS TO 
ACHIEVE ANNUAL 
AVERAGE 
TN OF 8 MG/L 
MODIFICATIONS TO 
ACHIEVE SEASONAL  
TN OF 5 MG/L 
MODIFICATIONS TO 
ACHIEVE ANNUAL 
AVERAGE  
TN OF 5 MG/L 
SPECIAL 
CONDITIONS 
New biological 
aerated filters and 
denitrification 
filters 
New biological 
aerated filters and 
denitrification 
filters 
New biological 
aerated filters and 
denitrification 
filters 
New biological 
aerated filters and 
denitrification 
filters 
Extremely space 
limited site 
 
The cost estimating procedures established in Section 2 were used to estimate capital, annual 
O&M, and 20-year present worth costs associated with the process changes and facility 
modifications summarized above.  The cost estimates are included in Table 4.5-8.  
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Table 4.5-8 
COST SUMMARY FOR NITROGEN REMOVAL AT HOLYOKE WPCF1 
 
LIMIT CAPITAL COSTS (IN MILLIONS) 
TOTAL ANNUAL 
COSTS2 
(IN THOUSANDS) 
20-YR PRESENT 
WORTH 
(IN MILLIONS) 
Minor Modifications/Retrofits None N/A N/A 
Seasonal Effluent TN of 8 mg/L $99 $2,800 $130 
Annual Average Effluent TN of 8 mg/L $99 $3,400 $140 
Seasonal Effluent TN of 5 mg/L $99 $2,800 $130 
Annual Average Effluent TN of 5 mg/L $99 $3,400 $140 
1.   It should be noted that these costs represent one method by which this facility can achieve the stated TN 
goals.  It is not intended to be the most cost effective method nor the recommended method, but it 
represents a planning tool for MassDEP to estimate the fiscal impacts of establishing total nitrogen limits.    
2. Represents incremental increase over current conditions. 
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4.6 CHICOPEE 
 
A. Introduction.  The Chicopee wastewater 
treatment facility is located at 80 Medina Street in 
Chicopee, MA.  It has a permitted average annual 
capacity of 15.5 mgd and serves the City of 
Chicopee and two small portions of neighboring 
towns Granby and South Hadley.  Approximately 
5% of the influent flow is from industrial sources.  
The collection system is combined and there are 22 
CSOs in the service area.  The secondary system is 
designed to treat up to 25 mgd, and any influent above this rate is treated in the CSO facility at 
the plant. 
 
The first phase of the facility was built in 1970 and consisted of a primary treatment plant.  The 
second phase upgraded the plant to a high purity oxygen secondary treatment facility in 1977 and 
included disinfection.  Changes that have occurred since 1977 include the addition of filter 
presses, a new oxygen compressor, new sludge conveyors, a new sludge garage and a new 
support equipment.  A 15 mgd CSO facility was completed in the summer of 2006.   
 
B. Existing Facilities. 
 
1. Description of Existing Facilities.  
The Chicopee River Interceptor and its five 
pump stations and the Connecticut River 
Interceptor and its seven pump stations 
convey wastewater to the Chicopee facility.  
All wastewater passes through a manual bar 
screen upon entering the plant.  The flow then 
enters two aerated grit chambers, after which 
flow passes through three comminutors. 
 
Ferric chloride is added to the headworks for seasonal phosphorus removal. 
 
Aerial photo from www.google.com
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After primary clarification, the flow passes through a Parshall Flume and is pumped to the 
aeration tanks.  Ferric chloride also is added to the pump station effluent for better sludge blanket 
control.  The high purity oxygen aeration system consists of two 3-stage trains, with each stage 
44 ft square with a side water depth of 14 ft.  Oxygen is generated on-site.  The four square 
secondary clarifiers are 75 ft by 75 ft with a 13 ft sidewater depth.  PACl is added to the third 
chamber of the aeration tanks in the winter and during rain events when turbidity is high.   
 
Secondary effluent receives chlorine disinfection and dechlorination with sodium bisulfite prior 
to being discharged in the Connecticut River.  An effluent pump station is available to pump 
effluent to the river if the water stage in the river is too high for the effluent to flow by gravity.  
A liquid process flow schematic of the existing facility is shown in Figure 4.6-1. 
 
 
 
 
 
 
 
 
 
 
 
 
FIGURE 4.6-1:  PROCESS FLOW SCHEMATIC – EXISTING FACILITY 
 
Primary and waste activated sludge are thickened in four gravity thickeners and dewatered with 
centrifuges.  Sludge cake is then transported to a landfill in Maine for disposal. 
 
All plant recycle flows are returned downstream of the influent sampled but upstream of the 
Parshall flume and primary effluent sampler.  Thus all plant flows are part of the primary 
effluent loads.   
 
All clarifiers are in use at all times.  One aeration train is in use at a time, and the train in 
operation is alternated every few years.  Nitrification is not required, but the plant does not try to 
suppress nitrification at any time of the year.   
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The plant has thirty-nine employees.  These include specialists for the collection system (6), 
flood control (3), CSO facility (1) and industrial pretreatment (3) in addition to the actual plant 
staff (26). 
  
As shown in the aerial photo, there is very little space available on the site.  An area that could be 
utilized is the location of the abandoned sludge storage/thickening tanks on the east side of the 
site.  All new structures would be constructed on footings. 
 
2. Summary of Plant Data.  Data from January 2004 through December 2006 were 
provided by the Town for this study.  A summary of the monthly data is shown in the following 
Table 4.6-1.  Seasonal and annual average and maximum month data is summarized in the table. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(continued) 
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Table 4.6-1 
CHICOPEE WWTF 
Chicopee, Massachusetts 
Monthly Averages 2003-2006 
 
GENERAL INFLUENT PRIMARY EFFLUENT FINAL EFFLUENT 
DATE INF PH BOD TSS TEMP ALKALINITY BOD TSS ALKALINITY BOD TSS 
MONTH YEAR MGD  MG/L MG/L DEG F MG/L MG/L MG/L MG/L MG/L MG/L 
January 2004 11.0 15.9 98.4 111.6 54.8 72.5 79 46 0 19.5 15.9 
February 2004 8.8 15.8 129.3 123.7 53.7 84.5 105 62 0 22.8 15.8 
March 2004 8.9 16.2 127.6 129.7 54.6 87.7 103 63 0 21.5 16.2 
April 2004 13.2 13.1 79.8 96.5 55.9 64.1 65 43 0 19.6 13.1 
May 2004 11.4 14.3 92.3 109.3 60.4 75.9 73 48 93 20.3 14.3 
June 2004 8.6 18.4 109.8 134.7 63.9 95.0 97 59 96 22.1 18.4 
July 2004 8.0 13.3 124.5 155.5 67.0 103.9 87 78 106 17.1 13.3 
August 2004 8.1 11.1 125.9 164.6 68.5 132.0 83 82 135 17.3 11.1 
September 2004 9.1 12.4 133.8 159.7 67.6 120.3 104 70 114 17.5 12.4 
October 2004 8.4 13.7 126.8 133.0 64.2 124.2 113 61 123 19.3 13.7 
November 2004 8.2 17.7 141.8 151.4 61.2 137.7 119 68 0 20.2 17.7 
December 2004 9.7 20.5 107.4 132.0 57.4 105.4 91 59 0 20.7 20.5 
January 2005 10.3 21.6 88.8 133.4 55.8 81.5 80 66 0 22.6 21.6 
February 2005 10.2 22.8 105.1 143.5 55.3 76.4 77 60 0 27.2 22.8 
March 2005 10.0 20.4 95.3 130.1 56.7 87.5 85 66 0 23.1 20.4 
April 2005 13.3 16.3 77.5 98.7 56.6 83.6 64 56 0 18.5 16.3 
May 2005 10.6 14.8 91.2 116.9 59.9 88.6 77 63 82 17.4 14.8 
June 2005 8.6 17.9 109.5 175.1 64.9 103.2 97 81 110 15.8 17.9 
July 2005 8.2 17.6 107.8 146.6 68.1 106.1 99 85 116 18.1 17.6 
August 2005 7.1 17.3 141.7 181.3 69.3 113.8 114 81 121 21.3 17.3 
September 2005 6.8 14.8 146.2 172.3 68.9 120.2 118 68 117 19.6 14.8 
October 2005 16.0 17.1 88.4 89.3 64.5 90.8 76 62 85 21.9 17.1 
November 2005 12.9 18.6 81.6 89.9 61.3 81.2 74 51 0 19.9 18.6 
December 2005 12.1 15.4 100.3 109.1 57.3 85.5 92 59 0 17.0 15.4 
January 2006 16.2 20.3 77.4 102.0 55.9 72.0 74 71 0 23.8 20.3 
February 2006 14.5 18.1 81.3 101.3 54.7 72.5 66 59 0 20.9 18.1 
March 2006 9.8 15.6 112.3 121.3 56.0 83.0 92 76 0 21.0 15.6 
(continued) 
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GENERAL INFLUENT PRIMARY EFFLUENT FINAL EFFLUENT 
DATE INF PH BOD TSS TEMP ALKALINITY BOD TSS ALKALINITY BOD TSS 
MONTH YEAR MGD  MG/L MG/L DEG F MG/L MG/L MG/L MG/L MG/L MG/L 
April 2006 9.4 15.9 129.3 146.0 57.0 85.7 122 105 73 23.1 15.9 
May 2006 11.3 14.7 95.0 126.7 61.3 85.7 92 79 109 16.6 14.7 
June 2006 12.3 11.4 91.3 131.0 64.7 77.6 85 90 82 11.8 11.4 
July 2006 9.2 10.3 99.0 119.0 67.5 87.2 77 64 92 14.9 10.3 
August 2006 8.1 10.5 124.4 166.7 68.4 95.5 101 77 106 14.8 10.5 
September 2006 7.6 12.0 131.0 165.6 67.2 112.2 110 69 110 14.3 12.0 
October 2006 9.2 12.7 129.8 148.1 63.8 106.5 98 59 103 15.4 12.7 
November 2006 11.0 21.2 94.7 157.1 61.9 91.8 69 42 0 22.2 21.2 
December 2006 9.0 18.0 133.7 131.6 58.9 82.9 100 63 0 18.3 18.0 
Min. Month 6.8 10.3 77.4 89.3 53.7 64.1 64.1 41.8 0.0 11.8 10.3 
Seasonal Average 9.4 14.1 114.9 144.2 65.6 102.1 94.6 71.0 105.5 17.5 14.1 
Average Annual 10.2 16.0 109.2 133.5 61.3 93.7 90.5 66.5 54.8 19.4 16.0 
Max. Month 16.2 22.8 146.2 181.3 69.3 137.7 121.6 105.2 134.7 27.2 22.8 
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With a current average daily flow of 10.2 mgd and a permitted capacity of 15.5 mgd, this facility 
is operating at approximately 66% of its permitted capacity.  Based on the average BOD 
concentration of 109 mg/L and TSS concentration of 134 mg/L, this wastewater would be 
considered low strength.  No influent nitrogen data is available for this plant. 
 
3. Permit Requirements and Current Performance.  The current permit for this 
facility has been in effect since May 17, 2005.  Monthly permit limits that are relevant to this 
study are shown below in Table 4.6-2. 
 
Table 4.6-2 
SELECT MONTHLY PERMIT LIMITS 
 
PARAMETER LIMIT 
BOD5 30 mg/L 
TSS 30 mg/L 
TKN Report 
Ammonia Nitrogen Report 
Nitrite Nitrogen Report 
Nitrate Nitrogen Report 
 
The above BOD and TSS limits have been met in all months of the data collection period. 
 
4. Nitrogen Removal Performance.  This facility does not collect influent nitrogen 
data and the effluent data is sampled at most once a month.  This limited data indicates that 
minimal nitrification is occurring at the current flows.  
 
C. Nitrogen Removal Alternatives.  The existing maximum month loads over the three-
year data collection period were used to determine the BioWin input data.  The primary effluent 
data which correspond to maximum-month loads is shown in the following Table 4.6-3 for each 
permitting scenario.  The minimum temperature for the permit condition is also shown.   In 
addition, due to a lack of influent nitrogen data, the TN/BOD ratio was estimated to be 0.18.  
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Table 4.6-3 
EXISTING PRIMARY EFFLUENT PARAMETERS 
 
PERMIT CONDITION PARAMETER VALUE 
Flow, mgd 9.4 
BOD, mg/L 122 
TSS, mg/L 89 
TN, mg/L 21 
Average Annual 
Temperature, F 54 
Flow, mgd 12.3 
BOD, mg/L 85 
TSS, mg/L 63 
TN, mg/L 15 
Seasonal 
Temperature, F 60 
 
The existing plant data was then projected to the permitted capacity of the facility to develop 
model input parameters for the average annual and seasonal model runs.  The resultant data is 
shown in Table 4.6-4. 
 
Table 4.6-4 
MODEL INPUT PARAMETERS AT PERMITTED CAPACITY 
 
PERMIT CONDITION PARAMETER VALUE 
Flow, mgd 14.3 
BOD, mg/L 122 
TSS, mg/L 89 
TN, mg/L 21 
Average Annual 
Temperature, F 54 
Flow, mgd 18.7 
BOD, mg/L 85 
TSS, mg/L 63 
TN, mg/L 15 
Seasonal 
Temperature, F 60 
 
The model input data was used to run uncalibrated simulations for the seasonal permit limit and 
to size alternative treatment processes for the average annual permit limit in order to determine 
planning level, order-of-magnitude costs for implementing different levels of nitrogen reduction 
at the facility.  A discussion of operational changes or minor modifications that can be made to 
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the facility to improve current nitrogen reduction performance as well as a presentation of the 
evaluation results are presented in the following sections.   
 
1. Minor Modifications/Retrofits.  Since this plant was designed only for BOD 
removal, nitrification cannot be expected to occur on a regular basis in the existing tankage.  It 
would be even less likely if the tank volume was reduced to form an anoxic zone.  Therefore, 
there are no operational or minor modifications/retrofits that could be implemented at this 
facility to achieve any appreciable level of nitrogen removal. 
 
2. Modifications Required to Meet TN of 8 mg/L.  The modifications to the facility 
that are required to meet an effluent TN of 8 mg/L on a seasonal and annual average basis are as 
follows. 
 
a. Seasonal.  At the assumed influent TN levels for this facility, an MLE process is not 
adequate for achieving a seasonal effluent TN level of 8 mg/L.  It is recommended that 
IFAS be implemented in the existing pure oxygen process tanks for complete nitrification 
and denitrification filters be added for denitrification.  The IFAS component is shown in 
the BioWin portion of the process schematic in Figure 4.6-2 below.  
 
 
 
 
 
 
 
 
 
 
FIGURE 4.6-2:  PROCESS SCHEMATIC FOR SEASONAL TN LIMIT OF 8 mg/L 
 
This process would require that the existing aeration system be converted to from high 
purity oxygen aeration to aeration by air.  The conversion would include new blowers, fine 
bubble diffusers and associated piping.  A new methanol feed facility also is required.  As 
shown in the site plan in Figure 4.6-3, the site appears to have enough space for the 
additional denitrification tanks if the abandoned sludge thickeners are demolished.   
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In addition to the modified aeration tanks and denitrification filters, it is also anticipated 
that the facility will require four additional secondary clarifiers (in addition to the existing 
four) to operate the facility at the resultant model MLSS concentration.  These would be 
stacked clarifiers and intermediate pumping would be required to get through them.  They 
also would be located in the space occupied by the abandoned digesters.  It should be noted 
that the existing clarifiers at this facility are 13 feet deep which meets the TR-16 minimum 
requirement.  It is anticipated that WAS pumping capacity would have to be added to 
maintain the design SRT with the IFAS system. 
 
Specific information regarding the process design is shown in Table 4.6-5 below. 
 
Table 4.6-5 
PROCESS DESIGN FOR SEASONAL LIMIT OF 8 mg/L TN 
 
PARAMETER VALUE 
Aerobic SRT N/A 
Total SRT 5.2 days 
First Anoxic Fraction N/A 
Total Anoxic Fraction N/A 
Reaeration HRT N/A 
Total Volume 1.22 MG (IFAS); 0.28  MG (Effluent Filters – 4 cells) 
RAS Rate 50% 
Nitrate Recycle Rate N/A 
Max MLSS at Loading Rate 3,200 mg/L 
Effluent TN 8 mg/L 
Methanol Addition Yes; 550 gpd 
Fixed Film Required? Yes; 60% fill 
Clarifiers? 4 new clarifiers 
Effluent Filtration Required? Yes; 6,500 square feet (total footprint) 
 
Other plant modifications may be needed including upgrades to screening or sludge 
handling.  However, all facilities outside of the activated sludge process are outside of the 
scope of this study.   
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b. Annual Average.  At the assumed influent TN levels for this facility, an MLE 
process is not adequate for achieving a seasonal effluent TN level of 8 mg/L.  The same 
process configuration as proposed for the seasonal condition was investigated for the 
annual condition.  However, the model predicted an effluent ammonia concentration of 
approximately 1 mg/L at an MLSS of 3,800 mg/L with an IFAS fill percentage of 60%.  At 
this MLSS concentration, seven new secondary clarifiers are required, and there is not 
enough space on the site for all these clarifiers.   
 
Thus, the facility is a candidate for either expansion on another site or use of alternative 
technologies such as membrane or biological aerated filters (BAF).  Figure 4.6-4 shows a 
plant flow schematic with the new technologies, and Figure 4.6-5 shows a proposed layout 
of BAFs and a denitrification filters on the existing site. 
 
 
 
 
 
 
 
 
 
 
 
FIGURE 4.6-4:   
PLANT FLOW SCHEMATIC FOR ANNUAL AVERAGE TN LIMIT OF 8 mg/L 
 
The modifications related to the proposed upgrades described above would require the 
demolition of the oxygenation tanks and secondary clarifiers.  The modifications also 
require an intermediate pump station to overcome the headloss through the filtration 
systems and a new methanol feed facility also is required.  Other plant modifications may 
be needed including upgrades to sludge handling.  Facilities outside of the activated sludge 
process are outside of the scope of this study.   
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Table 4.6-6 
PROCESS DESIGN FOR ANNUAL AVERAGE LIMIT OF 8 mg/L TN 
 
PARAMETER VALUE 
Aerobic SRT N/A 
Total SRT N/A 
First Anoxic Fraction N/A 
Total Anoxic Fraction N/A 
Reaeration HRT N/A 
Total BAF Volume and Area 
1.4 MG (8 cells) 
18,000 square feet (total 
footprint) 
RAS Rate N/A 
Nitrate Recycle Rate N/A 
Max MLSS at Loading Rate N/A 
Effluent TN 8 mg/L 
Methanol Addition Yes; 550 mgd 
Fixed Film Required? No 
Clarifiers? N/A 
Effluent Filtration Required? 
Yes; 0.28 MG (4 cells) 
6,500 square feet (total 
footprint) 
 
3. Modifications Required to Meet a TN of 5 mg/L.  The modifications to the facility 
that are required to meet an effluent TN of 5 mg/L on a seasonal and annual average basis are as 
follows. 
 
a. Seasonal.  At the assumed influent TN levels for this facility, a traditional Bardenpho 
process is not applicable for achieving a seasonal effluent TN level of 8 mg/L.  It is 
recommended that IFAS be implemented in the existing pure oxygen process tanks for 
adequate nitrification and denitrification filters be added for denitrification.  The IFAS 
component is shown in the process schematic in Figure 4.6-6.    
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FIGURE 4.6-6:  PROCESS SCHEMATIC FOR SEASONAL TN LIMIT OF 5 mg/L 
 
This process would require that the existing aeration system be converted to from high 
purity oxygen aeration to aeration by air.  The conversion would include new blowers, fine 
bubble diffusers and associated piping.  A new methanol feed facility also is required.  As 
shown in the site plan in Figure 4.6-3, the site appears to have enough space for the 
additional denitrification tanks if the abandoned sludge thickeners are demolished.   
 
In addition to the modified aeration tanks and denitrification filters, it is also anticipated 
that the facility will require four additional secondary clarifiers (in addition to the existing 
four) to operate the facility at the resultant model MLSS concentration.  These would be 
stacked clarifiers and intermediate pumping would be required to get through them.  They 
also would be located in the space occupied by the abandoned digesters.  It should be noted 
that the existing clarifiers at this facility are 13 feet deep which meets the TR-16 minimum 
requirement.  It is anticipated that WAS pumping capacity would have to be added to 
maintain the design SRT with the IFAS system. 
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Specific information regarding the process design is shown in Table 4.6-7 below. 
 
Table 4.6-7 
PROCESS DESIGN FOR SEASONAL LIMIT OF 5 mg/L TN 
 
PARAMETER VALUE 
Aerobic SRT N/A 
Total SRT 5.2 days 
First Anoxic Fraction N/A 
Total Anoxic Fraction N/A 
Reaeration HRT N/A 
Total Volume 1.22 MG (IFAS); 0.28  MG (Effluent Filters – 4 cells) 
RAS Rate 50% 
Nitrate Recycle Rate N/A 
Max MLSS at Loading Rate 3,200 mg/L 
Effluent TN 5 mg/L 
Methanol Addition Yes; 740 gpd 
Fixed Film Required? Yes; 60% fill 
Clarifiers? 4 new clarifiers 
Effluent Filtration Required? Yes; 6,500 square feet (total footprint) 
 
Other plant modifications may be needed including upgrades to screening or sludge 
handling.  However, all facilities outside of the activated sludge process are outside of the 
scope of this study.   
 
b. Annual Average.  At the assumed influent TN levels for this facility, an MLE 
process is not adequate for achieving a seasonal effluent TN level of 8 mg/L.  The same 
process configuration as proposed for the seasonal condition was investigated for the 
annual condition.  However, the model predicted an effluent ammonia concentration of 
approximately 1 mg/L at an MLSS of 3,800 mg/L with an IFAS fill percentage of 60%.  At 
this MLSS concentration, seven new secondary clarifiers are required, and there is not 
enough space on the site for all these clarifiers.   
 
Thus, the facility is a candidate for either expansion on another site or use of alternative 
technologies such as membrane or biological aerated filters (BAF).  Figure 4.6-7 shows the 
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plant flow diagram, and Figure 4.6-5 shows a proposed layout of BAFs and a 
denitrification filters on the existing site. 
 
 
 
 
 
 
 
 
 
 
 
FIGURE 4.6-7: 
PLANT FLOW SCHEMATIC FOR ANNUAL AVERAGE TN LIMIT OF 5 mg/L 
 
The modifications related to the proposed upgrades described above would require the 
demolition of the oxygenation tanks and secondary clarifiers.  The modifications also 
require an intermediate pump station to overcome the headloss through the filtration 
systems and a new Methanol feed facility also is required.  Other plant modifications may 
be needed including upgrades to sludge handling.  However, all facilities outside of the 
activated sludge process are outside of the scope of this study.   
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Table 4.6-8 
PROCESS DESIGN FOR ANNUAL AVERAGE LIMIT OF 5 mg/L TN 
 
PARAMETER VALUE 
Aerobic SRT N/A 
Total SRT N/A 
First Anoxic Fraction N/A 
Total Anoxic Fraction N/A 
Reaeration HRT N/A 
Total BAF Volume and Area 
1.4 MG (8 cells) 
18,000 square feet (total 
footprint) 
RAS Rate N/A 
Nitrate Recycle Rate N/A 
Max MLSS at Loading Rate N/A 
Effluent TN 8 mg/L 
Methanol Addition Yes; 740 gpd 
Fixed Film Required? No 
Clarifiers? N/A 
Effluent Filtration Required? 
Yes; 0.28 MG (4 cells) 
6,500 square feet (total 
footprint) 
 
D. Plant and Cost Summary.   
 
The following Table 4.6-9 presents flow data for the Chicopee WWTP as well as the current 
nitrogen removal performance of the plant.  As shown, the facility is achieving minimal nitrogen 
removal with the current high purity oxygen activated sludge system.  
 
 
 
 
 
 
 
 
 
(continued) 
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Table 4.6-9 
PLANT FLOW AND EFFLUENT LIMIT SUMMARY 
 
PARAMETER VALUE 
Permitted Flow (mgd) 15.5 
Existing Flow (2004-6) 10.2 
% of permitted capacity 65.8 
Current average seasonal effluent TN (mg/L) 20 
Current average annual effluent TN (mg/L)  20 
Permit Limits 
     Seasonal Nitrification (mg/L) 
     Year-round  nitrification (mg/L) 
     Seasonal TN Limit 
     Annual TN Limit 
 
Report 
Report 
Report 
Report 
 
Table 4.6-10 presents the nitrogen removal processes required to meet the four different permit 
conditions considered.  Based on the BioWin modeling performed, the facility can convert to a 
single-stage nitrification system with fine bubble diffused aeration and IFAS during the seasonal 
permit condition.  This would be followed by denitrification filters to both seasonal TN limits.  A 
biological aerated filter followed by a denitrification filter is recommended for each annual 
average scenario. 
Table 4.6-10 
NITROGEN REMOVAL PROCESS SUMMARY FOR CHICOPEE WWTF 
 
EXISTING 
PROCESS  
PROCESS TO 
ACHIEVE SEASONAL 
TN OF 8 MG/L 
PROCESS TO 
ACHIEVE 
ANNUAL 
AVERAGE  
TN OF 8 MG/L 
PROCESS TO 
ACHIEVE 
SEASONAL  
 TN OF 5 MG/L 
PROCESS TO 
ACHIEVE 
ANNUAL 
AVERAGE  
TN OF 5 MG/L 
High purity 
oxygen 
activated 
sludge 
Single-stage 
nitrification w/ fine 
bubble aeration 
and IFAS plus a 
denitrification filter
Biological 
aerated filter 
and 
denitrification 
filter 
Single-stage 
nitrification w/ 
fine bubble 
aeration and IFAS 
plus a 
denitrification 
filter 
Biological 
aerated filter 
and 
denitrification 
filter 
 
The modifications required at Chicopee to convert to a new nitrogen removal process are 
summarized in Table 4.6-11.  As noted, no minor modifications can be made to the treatment 
facility to improve nitrogen removal. 
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Table 4.6-11 
REQUIRED MODIFICATIONS SUMMARY FOR CHICOPEE WWTF 
 
MINOR 
MODIFICATIONS/ 
RETROFITS 
MODIFICATIONS TO 
ACHIEVE SEASONAL  
TN OF 8 MG/L 
MODIFICATIONS TO 
ACHIEVE ANNUAL 
AVERAGE 
TN OF 8 MG/L 
MODIFICATIONS TO 
ACHIEVE SEASONAL  
TN OF 5 MG/L 
MODIFICATIONS TO 
ACHIEVE ANNUAL 
AVERAGE  
TN OF 5 MG/L 
SPECIAL 
CONDITIONS 
None 
IFAS system in 
aeration tanks; 
replace aeration 
equipment; 
denitrification 
filters; methanol 
feed facility; 4 new 
stacked clarifiers; 
intermediate pump 
station; demolition 
of old digesters 
Demolition of 
oxygenation tanks 
and clarifiers; 
nitrification and 
denitrification 
filters; 
intermediate PS; 
methanol feed 
facility 
IFAS system in 
aeration tanks; 
replace aeration 
equipment; 
denitrification 
filters; methanol 
feed facility; 4 new 
stacked clarifiers; 
intermediate pump 
station; demolition 
of old digesters 
Demolition of 
oxygenation tanks 
and clarifiers; 
nitrification and 
denitrification 
filters; 
intermediate PS; 
methanol feed 
facility 
Space-
limited site 
 
The cost estimating procedures established in Section 2 were used to estimate capital, annual 
O&M, and 20-year present worth costs associated with the process changes and facility 
modifications summarized above. O&M costs for the annual condition include all power 
requirements for the new secondary treatment system and not a cost differential from the existing 
secondary treatment system.  The cost estimates are included in Table 4.6-12.  
 
Table 4.6-12 
COST SUMMARY FOR NITROGEN REMOVAL AT CHICOPEE WWTF1 
 
LIMIT CAPITAL COSTS(IN MILLIONS) 
TOTAL ANNUAL 
COSTS2 
(IN MILLIONS) 
20-YR PRESENT 
WORTH 
(IN MILLIONS) 
Minor Modifications/Retrofits n/a n/a n/a 
Seasonal Effluent TN of 8 mg/L $65 $0.3 $68 
Annual Average Effluent TN of 8 mg/L $87 $1.5 $106 
Seasonal Effluent TN of 5 mg/L $65 $0.3 $68 
Annual Average Effluent TN of 5 mg/L $87 $1.6 $107 
1. It should be noted that these costs represent one method by which this facility can achieve the stated TN 
goals.  It is not intended to be the most cost effective method nor the recommended method, but it 
represents a planning tool for MassDEP to estimate the fiscal impacts of establishing total nitrogen limits. 
2. Represents incremental increase over current conditions. 
 
4-79 
4.7 EASTHAMPTON 
 
A. Introduction.  The Easthampton wastewater treatment facility is located at 90 Ferry Street 
in Easthampton, MA.  It has a permitted annual average capacity of 3.8 mgd and serves only the 
Town of Easthampton.  There are sixteen pump stations in the collection system, and the 
collection system is entirely separate.  Total industrial flow is less than 10%.  The facility 
receives very little septage (approximately 26,000 gallons per year). 
 
The current facility was built in 1971.  Prior to 1971, primary clarifiers, a primary and secondary 
digester and sludge drying beds existed on the site.  Changes that have occurred since 1971 
include the addition of a belt filter press in the early 1980’s and additional sludge processing 
upgrades in 2001.   
 
B.  Existing Facilities. 
1. Description of Existing 
Facilities.  Flow is pumped to the 
Easthampton Wastewater Treatment Facility 
(WWTF) where it enters the headworks 
structure.  This structure contains a 
mechanically cleaned bar screen and aeration 
grit chambers.  From there, flow is conveyed 
through the Parshall flume to four 
rectangular primary clarifiers.    
 
After primary clarification, the primary 
effluent flows by gravity to the aeration tanks.  The facility has two aeration tanks.  Each tank is 
100 ft long by 50 ft wide with a 12 ft sidewater depth.  Mechanical aerators are used for aeration.  
The aeration tanks are followed by two 11 ft deep, 65 ft diameter secondary clarifiers. 
 
Secondary effluent receives chlorine disinfection and dechlorination prior to discharge.  Treated 
flows up to 3.8 mgd are discharged to the Connecticut River and higher flows are diverted to the 
Manham River.  A liquid process flow schematic is shown in the following Figure 4.7-1. 
 
 
Aerial photo from www.google.com
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FIGURE 4.7-1:  PROCESS FLOW SCHEMATIC – EXISTING FACILITY 
 
Primary and secondary sludge are thickened in one of the gravity thickeners; the other thickener 
is used for storage.  A belt filter press is used for sludge dewatering, and sludge cake is then 
trucked off site for disposal at the Synagro facility in Waterbury, Connecticut.   
 
The influent sampler at this facility is located in the headworks building and does not include 
side stream loads.  All plant recycles (gravity thickener overflow and BFP filtrate) are returned 
upstream of the primary effluent sampler.  
 
All four primary clarifiers, one aeration tank and both secondary clarifiers are in use under 
normal operation.  To handle high flows, the second aeration tank is used as an overflow tank but 
it is available for treatment if necessary.  Nitrification is not required, but the plant does not try to 
suppress nitrification at any time of the year.   
 
The plant has nine full-time employees, including the chief operator, assistant chief operator, two 
shift operators, a shift operator/pump station operator, a shift operator/pre-treatment coordinator, 
a mechanic, a repairman and an attendant.  
     
There is space to construct additional tankage south and east of the aeration tanks, as well as 
northeast of the chlorine contact chambers and east of the existing secondary clarifiers as shown 
in the aerial.   
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2. Summary of Plant Data.  Data from January 2004 through December 2006 was 
provided by the Town for this study.  A summary of the monthly data is shown in the following 
Table 4.7-1.  Seasonal and annual average and maximum month data is summarized in the table. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(continued) 
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Table 4.7-1 
EASTHAMPTON WWTF 
Easthampton, Massachusetts 
Monthly Averages 2004-2006 
 
GENERAL INFLUENT PRIMARY EFFLUENT FINAL EFFLUENT 
DATE INF PH BOD TSS TEMP PH BOD TSS PH BOD TSS 
MONTH YEAR MGD  MG/L MG/L DEG F  MG/L MG/L  MG/L MG/L 
January 2004 2.8 6.9 137.1 135.2 54.7 6.8 113.7 60.4 6.4 22.5 9.7 
February 2004 2.0 7.4 221.5 257.0 54.1 7.3 132.1 92.4 7.1 12.9 8.1 
March 2004 2.4 7.4 160.3 171.3 54.1 7.3 108.3 82.0 7.2 7.2 6.0 
April 2004 4.1 7.1 94.4 100.2 55.6 7.0 68.9 48.4 7.0 9.1 9.7 
May 2004 2.8 7.1 128.5 145.3 57.2 7.0 88.8 70.1 7.1 9.0 7.7 
June 2004 2.2 7.1 172.1 191.7 59.9 6.9 113.8 70.9 7.0 10.5 7.2 
July 2004 1.8 7.2 222.1 238.6 61.3 6.9 126.4 71.6 7.1 13.0 7.8 
August 2004 1.8 7.3 214.7 210.4 69.1 7.0 146.7 63.8 7.1 17.6 16.3 
September 2004 2.1 7.3 179.6 198.7 66.2 7.1 122.3 67.7 7.2 10.3 10.1 
October 2004 2.4 7.2 133.9 166.6 63.5 7.0 106.9 73.3 7.1 7.5 4.8 
November 2004 1.9 7.4 177.3 172.2 59.5 7.1 135.7 82.8 7.3 12.4 9.0 
December 2004 2.7 7.2 152.8 156.8 56.7 7.1 114.3 87.9 7.0 38.4 9.4 
January 2005 2.7 7.3 136.3 148.0 53.6 7.2 106.2 89.6 7.0 17.8 9.3 
February 2005 2.5 7.2 155.3 153.0 54.0 7.2 115.1 87.3 7.1 12.1 11.4 
March 2005 2.7 7.2 140.8 166.0 53.8 7.1 121.4 79.2 7.1 15.4 14.2 
April 2005 3.7 7.0 110.3 105.7 53.1 7.0 87.8 60.2 7.0 13.0 6.6 
May 2005 2.6 7.1 154.7 155.9 56.3 7.0 115.8 89.0 7.2 9.4 5.8 
June 2005 1.9 7.2 188.6 211.5 62.4 6.9 151.7 88.7 7.1 13.6 8.9 
July 2005 1.7 7.3 186.4 210.3 66.7 7.0 143.2 81.3 7.0 11.3 9.7 
August 2005 1.5 7.3 209.5 219.6 70.5 7.0 145.6 76.4 7.1 12.5 7.8 
September 2005 1.4 7.2 209.7 212.2 67.6 6.9 152.0 68.2 6.7 13.7 6.9 
October 2005 3.9 6.9 106.8 116.0 63.5 6.7 82.3 39.1 6.5 14.3 11.7 
November 2005 3.1 6.9 93.8 103.5 58.5 6.9 70.4 39.1 6.9 12.5 6.3 
December 2005 2.7 7.0 121.2 108.3 54.7 6.9 88.2 51.1 7.0 9.7 6.6 
January 2006 3.9 6.8 94.2 98.9 52.2 6.8 68.8 45.8 6.8 9.7 7.4 
February 2006 3.4 6.7 106.0 96.9 51.8 6.7 76.6 46.1 6.7 11.7 7.2 
March 2006 2.1 7.1 169.9 147.7 52.7 7.0 113.1 74.3 7.0 16.2 6.2 
(continued) 
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GENERAL INFLUENT PRIMARY EFFLUENT FINAL EFFLUENT 
DATE INF PH BOD TSS INF PH BOD TSS PH BOD TSS 
MONTH YEAR MGD  MG/L MG/L DEG F  MG/L MG/L  MG/L MG/L 
April 2006 2.0 7.0 191.8 172.4 54.0 7.0 129.3 80.5 7.1 15.3 5.4 
May 2006 2.6 6.9 162.6 144.5 56.8 6.8 104.1 66.8 6.9 13.4 7.1 
June 2006 2.4 6.9 164.2 162.0 61.5 6.8 106.5 66.9 6.8 20.8 13.8 
July 2006 1.9 7.1 213.6 228.8 66.9 6.8 134.1 83.9 7.0 13.8 10.4 
August 2006 1.5 7.2 243.6 252.0 69.1 6.9 131.1 85.1 7.1 20.7 12.9 
September 2006 1.5 7.2 236.3 261.3 66.9 6.9 147.1 95.6 7.3 21.7 9.4 
October 2006 1.9 7.2 190.9 221.2 63.0 7.0 128.2 80.7 7.2 13.6 11.9 
November 2006 2.8 7.0 139.0 192.9 59.0 6.9 97.2 65.2 7.0 17.9 10.4 
December 2006 2.1 7.1 169.2 174.4 56.3 6.9 123.0 76.8 7.1 32.4 30.2 
Min. Month 1.4 6.7 93.8 96.9 51.8 6.7 68.8 39.1 6.4 7.2 4.8 
Seasonal Average 2.1 7.2 184.3 197.0 63.8 6.9 124.8 74.4 7.0 13.7 9.4 
Average Annual 2.4 7.1 163.6 172.4 59.4 7.0 114.4 71.9 7.0 14.8 9.5 
 Max. Month 4.1 7.4 243.6 261.3 70.5 7.3 152.0 95.6 7.3 38.4 30.2 
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With a current average daily flow of 2.4 mgd and a permitted capacity of 3.8 mgd, this facility is 
operating at approximately 63% of its permitted capacity.  Based on the average BOD 
concentration of 164 mg/L and TSS concentration of 172 mg/L, this wastewater would be 
considered medium strength.  No influent nitrogen data is available for this plant. 
 
3. Permit Requirements and Current Performance.  The current permit for this 
facility has been in effect since December 1, 2007.  Monthly permit limits that are relevant to 
this study are shown below in Table 4.7-2. 
 
Table 4.7-2 
SELECT MONTHLY PERMIT LIMITS 
 
PARAMETER LIMIT 
BOD5 30 mg/L 
TSS 30 mg/L 
TN Report 
TKN Report 
Ammonia Nitrogen Report 
Nitrite+Nitrate Nitrogen Report 
TP Report 
 
The above BOD and TSS limits have been met in most months of the data collection period; 
however, there was a BOD exceedence in December 2004 and December 2006.  There also was 
one TSS exceedence in December 2006. 
 
4. Nitrogen Removal Performance.  This facility does not collect influent or effluent 
nitrogen data.   
 
C. Nitrogen Removal Alternatives.  The existing maximum month loads over the three-year 
data collection period were used to determine the BioWin input data.  The primary effluent data 
which correspond to maximum-month loads is shown in the following Table 4.7-3 for each 
permitting scenario.  The minimum temperature for the permit condition is also shown.  In 
addition, due to a lack of influent nitrogen data, the TN/BOD ratio was estimated to be 0.18.  
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Table 4.7-3 
EXISTING PRIMARY EFFLUENT INFLUENT PARAMETERS 
 
PERMIT CONDITION PARAMETER VALUE 
Flow, mgd 2.7 
BOD, mg/L 121 
TSS, mg/L 76 
TN, mg/L 23 
Average Annual 
Temperature, F 52 
Flow, mgd 3.9 
BOD, mg/L 82 
TSS, mg/L 52 
TN, mg/L 17 
Seasonal 
Temperature, F 56 
 
The existing plant data was then projected to the permitted capacity of the facility to develop 
model input parameters for the average annual and seasonal model runs.  The resultant data is 
shown in Table 4.7-4. 
 
Table 4.7-4 
MODEL INPUT PARAMETERS AT PERMITTED CAPACITY 
 
PERMIT CONDITION PARAMETER VALUE 
Flow, mgd 4.2 
BOD, mg/L 121 
TSS, mg/L 76 
TN, mg/L 23 
Average Annual 
Temperature, F 52 
Flow, mgd 6.1 
BOD, mg/L 82 
TSS, mg/L 52 
TN, mg/L 17 
Seasonal 
Temperature, F 56 
 
The model input data was used to run uncalibrated simulations to determine planning level, 
order-of-magnitude costs for implementing different levels of nitrogen reduction at the facility.  
A discussion of operational changes or minor modifications that can be made to the facility to 
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Primary Clarifier Effluent Secondary Clarifier
Sludge
AerobicAnoxic
improve current nitrogen reduction performance as well as a presentation of the simulation 
results are presented in the following sections.   
 
1. Minor Modifications/Retrofit.  The plant is currently operating at 63% of its 
permitted capacity.  The operators believe they are nitrifying year-round, although there is no 
data to confirm this.  The plant is operating at a fairly low MLSS of 1,500-2,000 mg/L.  The 
secondary clarifiers can handle up to 2,700 mg/L MLSS.  Maintaining a higher MLSS and 
operating at a higher solids retention time would provide enough volume to nitrify year round, 
especially at the current average daily flow.  Timers could be installed on the mechanical 
aerators so individual tanks can be cycled between anoxic and aerobic conditions to achieve 
denitrification.  Submersible pumps could be installed in the aeration tanks to keep solids in 
suspension and maximize nitrogen removal.  
 
2. Modifications Required to Meet TN of 8 mg/L.  The modifications to the facility 
that are required to meet an effluent TN of 8 mg/L on a seasonal and annual average basis are as 
follows. 
 
a. Seasonal.  At the assumed influent TN levels for this facility, an MLE process will 
accomplish a seasonal effluent TN level of below 8 mg/L.  Thus an MLE process is 
recommended as shown in the BioWin model in Figure 4.7-2 below.   
 
 
 
 
 
 
FIGURE 4.7-2:  BIOWIN MODEL FOR SEASONAL TN LIMIT OF 8 mg/L 
 
In order to meet the 8 mg/L target, the existing two aeration tanks would be modified to 
form two parallel MLE trains in a plug flow configuration. The existing mechanical 
aeration system would be converted to a fine bubble aeration system. Nitrate recycle pumps 
would be added.  While the MLE process can fit in the existing tanks, the resulting MLSS 
would be nearly 4,000 mg/L, which would require an additional two clarifiers.  By adding 
the equivalent of one new aeration tank (a 50% increase in volume), the need for additional 
clarifiers can be avoided as the MLSS would be around 2,300 mg/L.  Therefore a third 
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aeration tank is recommended as shown in the site plan in Figure 4.7-3.  An analysis could 
be done during design to determine which approach (adding an aeration tank or clarifiers) 
is more cost-effective.   
 
It is anticipated that no new clarifiers will be required to operate the facility at the resultant 
model MLSS concentration.  It should be noted that the existing clarifiers at this facility are 
11 feet deep.  According to TR-16, clarifiers at nitrogen removal facilities should be a 
minimum of 13 feet deep.  Because the clarifiers do not meet the minimum requirements 
set forth in Section 2, it is recommended that they be further evaluated to determine if they 
will require replacement or derating because of the shallow depth.  
 
Specific information regarding the design results is shown in Table 4.7-5 below. 
 
Table 4.7-5 
RESULTS FOR SEASONAL LIMIT OF 8 mg/L TN 
 
PARAMETER VALUE 
Aerobic SRT 6.6 days 
Total SRT 10.2 days 
First Anoxic Fraction 35% 
Total Anoxic Fraction 35% 
Reaeration HRT N/A 
Total Volume 1.35 MG 
RAS Rate 50% 
Nitrate Recycle Rate 300% 
Max MLSS at Loading Rate 2,300 mg/L 
Effluent TN 5.7 mg/L 
Methanol Addition No 
Fixed Film Required? No 
Clarifiers? No new clarifiers 
Effluent Filtration Required? No 
 
Other plant modifications may be needed including upgrades to sludge handling.  However, 
all facilities outside of the activated sludge process are outside of the scope of this study.   
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b. Annual Average.  At the assumed influent TN levels for this facility, an MLE 
process will accomplish an average annual effluent TN level of 8 mg/L.  Thus, an MLE 
process is recommended as shown in the BioWin model in the following Figure 4.7-4.   
 
 
 
 
 
FIGURE 4.7-4:  BIOWIN MODEL FOR ANNUAL AVERAGE TN LIMIT OF 8 mg/L 
 
In order to meet the 8 mg/L target, the existing two tanks would be modified to form two 
parallel MLE trains in a plug flow configuration.  The existing mechanical aeration system 
would be converted to a fine bubble aeration system.  Nitrate recycle pumps would be 
added. While the MLE process can fit in the existing tanks, the resulting MLSS would be 
nearly 4,000 mg/L, which would require an additional two clarifiers.  By adding the 
equivalent of one new aeration tank (a 50% increase in volume), the need for additional 
clarifiers can be avoided as the MLSS would be around 2,500 mg/L.  Therefore a third 
aeration tank is recommended as shown in the site plan in Figure 4.7-3.  An analysis could 
be done during design to determine which approach (adding an aeration tank or clarifiers) 
is the more cost-effective solution.   
 
It is anticipated that no new clarifiers will be required to operate the facility at the resultant 
model MLSS concentration.  It should be noted that the existing clarifiers at this facility are 
11 feet deep.  According to TR-16, clarifiers at nitrogen removal facilities should be a 
minimum of 13 feet deep.  Because the clarifiers do not meet the minimum requirements 
set forth in Section 2, it is recommended that they be further evaluated to determine if they 
will require replacement or derating because of the shallow depth.  
 
Specific information regarding the design results is shown in the following Table 4.7-6. 
 
 
 
 
 
(continued)
Primary Clarifier Effluent Secondary Clarifier
Sludge
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Table 4.7-6 
RESULTS FOR ANNUAL AVERAGE LIMIT OF 8 mg/L TN 
 
PARAMETER VALUE 
Aerobic SRT 8.3 days 
Total SRT 11.1 days 
First Anoxic Fraction 25% 
Total Anoxic Fraction 25% 
Reaeration HRT N/A 
Total Volume 1.35 MG 
RAS Rate 50% 
Nitrate Recycle Rate 300% 
Max MLSS at Loading Rate 2,500 mg/L 
Effluent TN 7.0 mg/L 
Methanol Addition No 
Fixed Film Required? No 
Clarifiers? No new clarifiers 
Effluent Filtration Required? No 
 
Other plant modifications may be needed including upgrades to sludge handling.  However, 
all facilities outside of the activated sludge process are outside of the scope of this study.   
 
3. Modifications Required to Meet a TN of 5 mg/L.  The modifications to the facility 
that are required to meet an effluent TN of 5 mg/L on a seasonal and annual average basis are as 
follows. 
 
a. Seasonal.  At the assumed influent TN levels for this facility, a 4- stage Bardenpho 
process is recommended to achieve a seasonal effluent TN of 5 mg/L as shown in the 
BioWin model in Figure 4.7-5.    
 
 
 
 
 
 
 
FIGURE 4.7-5:  BIOWIN MODEL FOR SEASONAL TN LIMIT OF 5 mg/L 
Primary Clarifier Effluent Secondary Clarifie
Sludge
AerobicAnoxic Anoxic II Aerobic II
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This process would require a 50% increase in tank volume.  This adds a third tank to the 
east side of the existing tanks for three parallel four-stage Bardenpho trains in a plug flow 
configuration.  The existing tanks would have to be modified for plug flow configuration 
and with the proper partitioning.  The existing mechanical aeration system would be 
converted to a fine bubble aeration system.  Nitrate recycle pumps would be added. 
Partitioning would be required to separate the four zones.  As shown in the site plan in 
Figure 4.7-6, the site has enough space for the additional aeration tank.   
 
In addition to the new aeration tank, it is also anticipated that the facility will require one 
additional secondary clarifier (in addition to the existing two) to operate the facility at the 
resultant model MLSS concentration.  It should be noted that the existing clarifiers at this 
facility are 11 feet deep.  According to TR-16, clarifiers at nitrogen removal facilities 
should be a minimum of 13 feet deep.  Because the clarifiers do not meet the minimum 
requirements set forth in Section 2, it is recommended that they be further evaluated to 
determine if they will require replacement or derating because of the shallow depth.  
 
Specific information regarding the design results is shown in Table 4.7-7 below. 
 
Table 4.7-7 
RESULTS FOR SEASONAL LIMIT OF 5 mg/L TN 
 
PARAMETER VALUE 
Aerobic SRT 6.6 days 
Total SRT 12 days 
First Anoxic Fraction 20% 
Total Anoxic Fraction 45% 
Reaeration HRT 20 minutes 
Total Volume 1.35 MG 
RAS Rate 50% 
Nitrate Recycle Rate 300% 
Max MLSS at Loading Rate 2,700 mg/L 
Effluent TN 4.1 mg/L 
Methanol Addition No 
Fixed Film Required? No 
Effluent Filtration Required? No 
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Other plant modifications may be needed including upgrades to sludge handling.  However, 
all facilities outside of the activated sludge process are outside of the scope of this study.   
 
b. Annual Average.  At the assumed influent TN levels for this facility, a 4- stage 
Bardenpho process is recommended to achieve an average annual effluent TN of 5 mg/L as 
shown in the BioWin model in Figure 4.7-7. 
 
 
 
 
 
 
FIGURE 4.7-7:  BIOWIN MODEL FOR ANNUAL AVERAGE TN LIMIT OF 5 mg/L 
 
This process would require a 50% increase in tank volume.  This adds a third tank to the 
east side of the existing tanks for three parallel four-stage Bardenpho trains in a plug flow 
configuration.  The existing aeration tanks would have to be modified for plug flow 
configuration with the proper partitioning.  The existing mechanical aeration system would 
be converted to a fine bubble aeration system.  Nitrate recycle pumps would be added. 
Partitioning would be required to separate the four zones.  As shown in the site plan in 
Figure 4.7-6, the site has enough space for the additional aeration tank.   
 
In addition to the new aeration tank, it is also anticipated that the facility will require one 
additional secondary clarifier (in addition to the existing two) to operate the facility at the 
resultant model MLSS concentration.  It should be noted that the existing clarifiers at this 
facility are 11 feet deep.  According to TR-16, clarifiers at nitrogen removal facilities 
should be a minimum of 13 feet deep.  Because the clarifiers do not meet the minimum 
requirements set forth in Section 2, it is recommended that they be further evaluated to 
determine if they will require replacement or derating because of the shallow depth.  
 
 
 
 
(continued) 
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Specific information regarding the design results is shown in Table 4.7-8 below. 
 
Table 4.7-8 
RESULTS FOR ANNUAL AVERAGE LIMIT OF 5 mg/L TN 
 
PARAMETER VALUE 
Aerobic SRT 8.3 days 
Total SRT 15.1 days 
First Anoxic Fraction 22% 
Total Anoxic Fraction 45% 
Reaeration HRT 20 minutes 
Total Volume 1.35 MG 
RAS Rate 50% 
Nitrate Recycle Rate 400% 
Max MLSS at Loading Rate 3,300 mg/L 
Effluent TN 4.3 mg/L 
Methanol Addition No 
Fixed Film Required? No 
Clarifiers? 1 new clarifier 
Effluent Filtration Required? No 
 
Other plant modifications may be needed including upgrades to sludge handling.  However, 
all facilities outside of the activated sludge process are outside of the scope of this study.   
 
D. Plant and Cost Summary.   
 
Table 4.7-9 presents flow data for the Easthampton WWTP as well as the current nitrogen 
removal performance of the plant.  The facility does not collect influent or effluent nitrogen data.  
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Table 4.7-9 
PLANT FLOW AND EFFLUENT LIMIT SUMMARY 
 
PARAMETER VALUE 
Permitted Flow (mgd) 3.8 
Existing Flow (2004-6) 2.4 
% of permitted capacity 63.2 
Current average seasonal effluent TN (mg/L) N/A 
Current average annual effluent TN (mg/L)  N/A 
Permit Limits 
     Seasonal Nitrification (mg/L) 
     Year-round  nitrification (mg/L) 
     Seasonal TN Limit 
     Annual TN Limit 
 
Report 
Report 
Report 
Report 
 
Table 4.7-10 presents the nitrogen removal processes required to meet the four different permit 
conditions considered.  Based on the BioWin modeling performed, the facility will need to 
convert to an MLE process to achieve an 8 mg/L TN both seasonally and year-round.  The 
uncalibrated BioWin models were run at permitted capacity with an assumed ammonia to BOD 
ratio since no influent nitrogen data was available.   
 
Table 4.7-10 
NITROGEN REMOVAL PROCESS SUMMARY FOR EASTHAMPTON WWTF 
 
EXISTING 
PROCESS  
PROCESS TO 
ACHIEVE 
SEASONAL  
TN OF 8 MG/L 
PROCESS TO 
ACHIEVE ANNUAL 
AVERAGE  
TN OF 8 MG/L 
PROCESS TO 
ACHIEVE 
SEASONAL  
TN OF 5 MG/L 
PROCESS TO 
ACHIEVE ANNUAL 
AVERAGE  
TN OF 5 MG/L 
Activated 
sludge w/ 
mechanical 
aerators 
MLE MLE Bardenpho Bardenpho 
 
The modifications required at Easthampton to convert to a new nitrogen removal process are 
summarized in Table 4.7-11.  As noted, timers could be added to the mechanical aerators so that 
cyclical aeration could be instituted for nitrogen removal.  A calibrated model could be run to 
indicate how effective this technique would be at Easthampton. 
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Table 4.7-11 
REQUIRED MODIFICATIONS SUMMARY FOR EASTHAMPTON WWTF 
 
MINOR 
MODIFICATIONS/ 
RETROFITS 
MODIFICATIONS 
TO ACHIEVE 
SEASONAL  
TN OF 8 MG/L 
MODIFICATIONS TO 
ACHIEVE ANNUAL 
AVERAGE 
TN OF 8 MG/L 
MODIFICATIONS 
TO ACHIEVE 
SEASONAL  
TN OF 5 MG/L 
MODIFICATIONS 
TO ACHIEVE 
ANNUAL AVERAGE 
TN OF 5 MG/L 
SPECIAL 
CONDITIONS 
Install timers 
for cyclical 
aeration 
1 new aeration 
tank; conversion 
of existing to 
plug flow; 
aeration 
equipment; 
nitrate recycle 
pumps 
1 new aeration 
tank; conversion of 
existing to plug 
flow; aeration 
equipment; nitrate 
recycle pumps 
1 new aeration 
tank; conversion 
of existing to plug 
flow; aeration 
equipment; nitrate 
recycle pumps; 1 
new clarifier 
1 new aeration 
tank; conversion 
of existing to 
plug flow; 
aeration 
equipment; 
nitrate recycle 
pumps; 1 new 
clarifier 
 
 
The cost estimating procedures established in Section 2 were used to estimate capital, annual 
O&M, and 20-year present worth costs associated with the process changes and facility 
modifications summarized above.  The cost estimates are included in Table 4.7-12.   
 
Table 4.7-12 
COST SUMMARY FOR NITROGEN REMOVAL AT EASTHAMPTON WWTF1 
 
LIMIT CAPITAL COSTS (IN MILLIONS) 
TOTAL ANNUAL 
COSTS2 
(IN THOUSANDS) 
20-YR PRESENT 
WORTH 
(IN MILLIONS) 
Minor Modifications/Retrofits minor N/A N/A 
Seasonal Effluent TN of 8 mg/L $11 $210 $13 
Annual Average Effluent TN of 8 mg/L $11 $240 $14 
Seasonal Effluent TN of 5 mg/L $13 $210 $16 
Annual Average Effluent TN of 5 mg/L $13 $220 $16 
1. It should be noted that these costs represent one method by which this facility can achieve the stated TN 
goals.  It is not intended to be the most cost effective method nor the recommended method, but it 
represents a planning tool for MassDEP to estimate the fiscal impacts of establishing total nitrogen limits. 
2. Represents incremental increase over current conditions. 
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4.8 SOUTH HADLEY 
 
A. Introduction.  The South Hadley wastewater treatment facility is located at 2 James Street 
in Chicopee, MA.  It has a permitted average annual capacity of 4.2 mgd facility and serves the 
Town of South Hadley and small portions of the Town of Granby and the City of Chicopee.  
Less than 1% of the influent flow is from industrial discharges.  The service area is comprised of 
75 miles of sewer lines, with 90% separate sanitary sewer and 10% combined storm and sanitary 
sewer, and five pump stations.  As of December 31, 2007 all of the permitted combined sewer 
overflows have been removed from the collection system. 
 
The current facility was built between 1979 and 1980.  Prior to 1980, two primary clarifiers, 
digesters and drying beds existed on the site.  Changes that have occurred since 1980 include the 
addition of a belt filter press and conversion to sodium hypochlorite for disinfection in 2004.   
 
B. Existing Facilities. 
 
1. Description of Existing Facilities.  
All flow conveyed to the South Hadley 
Wastewater Treatment Facility (WWTF) 
enters the Influent Pump Station which 
contains channel monsters upstream of the 
pumps.  Flow is then pumped to the aerated 
grit chamber.  From there, flow is conveyed to 
primary clarifiers by gravity. 
 
After primary clarification, the primary 
effluent flows by gravity to the aeration tanks. 
 
The facility has four square aeration tanks.  Two tanks operate in series to form two parallel 2-
tank trains.  Each tank is 60 ft long by 60 ft wide with a 13.23 ft sidewater depth.  Mechanical 
aerators are used for aeration.  The aerators were recently replaced and VFDs were included to 
adjust the speed of the units.  The aeration tanks are followed by two 10 ft deep, 75 ft diameter 
secondary clarifiers. 
 
Aerial photo from www.google.com
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Secondary effluent then receives disinfection with sodium hypochlorite prior to being discharged 
to the Connecticut River.  A process flow schematic is shown in the following Figure 4.8-1. 
 
 
 
 
 
 
 
 
 
 
FIGURE 4.8-1:  PROCESS FLOW SCHEMATIC – EXISTING FACILITY 
 
Primary sludge and waste activated sludge are thickened in gravity thickeners and dewatered 
with a belt filter press.  Sludge cake is trucked off site to a landfill.   
 
All plant recycle flows (gravity thickener overflow and BFP filtrate) are returned into the 
influent channel of the primary clarifier.  Thus, the primary effluent sample includes the recycle 
streams.   
 
All three primary clarifiers, two of the four aeration tanks and both secondary clarifiers, chlorine 
contact tanks and gravity thickeners are in operation under normal conditions.  Additional 
aeration tanks are brought on line during high flows to try to minimize washout of the biomass.  
Nitrification is not required, but the plant does not try to suppress nitrification at any time of the 
year. 
 
The plant has eight full-time employees. 
 
There is space available for expansion to the east and west of the existing aeration tanks as 
shown in the aerial photo.  There is little available open space beyond that.  There is a small open 
space south of the primary clarifiers, and the two, abandoned digesters could be demolished to fit 
necessary process tankage.   
 
Preliminary Treatment – 
Screening, Grinders and 
Grit Removal, Grinders 
Primary 
Clarifiers 
Primary 
Sludge 
Aerobic Tank 
Secondary 
Clarifiers 
RAS 
Chlorine 
Contact 
Tank 
WAS 
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2. Summary of Plant Data.  Data from January 2004 through December 2006 was 
provided by the Town for this study.  A summary of the monthly data is shown in the following 
Table 4.8-1.  Seasonal and annual average and maximum month data is summarized in the table. 
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Table 4.8-1 
SOUTH HADLEY WWTF 
South Hadley, Massachusetts 
Monthly Averages 2004-2006 
 
GENERAL INFLUENT PRIMARY EFFLUENT FINAL EFFLUENT 
DATE INF PH BOD TSS TEMP ALKAL
INITY NH3 DO PH BOD TSS DO BOD TSS F. COLI 
NO2 + 
NO3 
TKN NH3 
MONTH YEAR MGD  MG/L MG/L DEG F MG/L MG/L MG/L  MG/L MG/L MG/L MG/L MG/L # / 100ML MG/L MG/L MG/L 
January 2004 2.3 7.0 114.8 210.6 50.5   4.6 7.1 81.6 96.4 6.9 16.1 9.3 0.0 12.1 19.1  
February 2004 1.9 7.2 132.0 228.0 50.9   4.7 7.2 108.7 120.4 8.0 8.4 8.4 0.0 11.7 28.9  
March 2004 2.5 7.2 107.4 201.5 50.3   5.6 7.2 81.1 101.6 7.5 15.2 7.5 0.0 18.6 22.5  
April 2004 3.9 7.1 105.1 255.4 50.6   5.9 7.1 55.1 84.2 8.4 15.9 6.6 15.0 5.3 6.5  
May 2004 2.5 7.0 184.3 305.9 57.7   4.0 7.0 63.1 98.5 7.2 22.0 11.3 4.3    
June 2004 1.9 6.8 252.3 351.1 62.6   3.3 6.8 84.6 117.4 6.7 21.3 12.0 16.6 3.1 15.8  
July 2004 1.8 7.2 220.1 481.1 66.9   1.1 7.1 88.7 123.3 6.4 17.6 7.0 19.1 4.9 39.5  
August 2004 2.1 7.2 234.9 438.8 69.3   1.0 7.2 85.1 111.4 6.4 22.7 7.0 20.3 7.7 41.6  
September 2004 2.6 7.2 185.5 256.7 68.7   2.2 7.2 86.2 101.8 6.8 22.5 8.8 58.1 9.1 29.9  
October 2004 2.5 7.0 148.7 266.7 65.6   1.8 6.9 96.3 123.6 6.7 21.8 7.7 55.0 5.9 16.8  
November 2004 2.3 7.2 366.5 271.7 61.9   2.3 7.2 92.7 107.9 6.8 18.5 9.3 0.0 4.5 33.7  
December 2004 3.3 7.0 252.4 209.2 56.1   6.0 7.0 75.5 86.9 7.9 17.3 7.7 0.0 13.1 26.0  
January 2005 3.4 7.2 232.2 180.9 51.5   6.1 7.2 76.4 100.3 8.4 20.5 11.4 0.0 11.2 20.2  
February 2005 3.5 7.3 178.9 190.2 49.9   6.4 7.3 78.1 81.9 8.4 22.3 16.2 0.0 9.5 38.1  
March 2005 3.9 7.1 176.2 133.5 49.7 92.2 17.8 6.9 7.2 85.2 98.4 8.8 17.6 16.0 0.0 8.4 22.9 15.7 
April 2005 4.5 7.1 146.1 122.6 51.8 190.9  6.1 7.1 69.1 75.3 9.3 13.1 7.2 45.3 5.5 6.7  
May 2005 3.1 7.1 198.9 196.0 56.3 135.7 37.7 4.1 7.0 77.4 67.3 7.7 20.6 7.1 30.8 4.1 12.0 10.2 
June 2005 2.1 7.1 193.8 256.8 62.8 160.3 32.9 2.2 7.1 105.0 92.9 6.7 28.5 9.8 62.2 5.0 30.7 19.5 
July 2005 2.0 7.2 206.6 306.4 67.5 175.0  1.1 7.2 123.2 94.0 6.4 20.1 4.8 69.0 3.4 11.3  
August 2005 1.8 7.2 377.2 346.2 69.5 151.9  0.9 7.1 137.0 89.1 6.4 23.1 8.0 17.0 2.4 13.1  
September 2005 1.7 7.2 219.3 297.6 68.9 215.3 33.6 1.1 7.2 78.0 71.4 6.1 15.3 6.0 17.8 4.2 13.8 16.7 
October 2005 5.2 7.0 157.8 217.7 63.8 232.8  2.3 7.0 90.0 85.1 6.6 20.1 9.0 17.4 5.6 32.8  
November 2005 4.0 7.1 121.9 154.8 58.8   2.8 7.1 85.9 77.5 6.1 14.0 5.7 0.0 10.1 6.7  
December 2005 3.8 7.2 150.2 123.0 54.2   4.2 7.1 88.8 76.7 6.9 22.3 7.0 0.0 10.2 9.5  
January 2006 5.5 7.0 152.5 105.4 50.3   5.8 7.0 94.5 90.8 6.8 10.3 8.4 0.0 1.7 4.6  
February 2006 4.5 7.0 144.0 210.1 49.5   6.2 7.0 79.8 80.5 8.1 17.2 5.5 0.0 1.5 7.5  
March 2006 2.9 7.1 164.8 213.2 50.8   4.9 7.1 99.3 80.8 7.6 11.0 5.2 0.0 6.7 16.5  
(continued) 
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GENERAL INFLUENT PRIMARY EFFLUENT FINAL EFFLUENT 
DATE INF PH BOD TSS TEMP ALKAL
INITY NH3 DO PH BOD TSS DO BOD TSS F. COLI 
NO2 + 
NO3 
TKN NH3 
MONTH YEAR MGD  MG/L MG/L DEG F MG/L MG/L MG/L  MG/L MG/L MG/L MG/L MG/L # / 100ML MG/L MG/L MG/L 
April 2006 3.0 7.1 216.3 263.7 53.3   4.0 7.0 107.4 94.0 6.6 16.7 5.4 15.3 2.6 36.8  
May 2006 4.4 7.0 232.2 221.9 57.0   3.8 7.0 94.8 80.3 6.7 21.8 8.4 44.6 2.0 22.1  
June 2006 2.7 7.2 203.0 262.5 62.6   3.6 6.9 82.4 107.3 6.4 14.4 6.2 108.5 4.6 14.8  
July 2006 2.1 7.2 181.6 264.7 67.1   1.4 7.1 94.2 85.9 6.0 9.8 4.6 37.6 5.0 25.1  
August 2006 1.8 7.1 280.1 287.6 68.9   0.8 7.0 137.6 140.6 5.9 23.3 10.5 82.6 3.1 29.2  
September 2006 1.9 7.2 275.3 328.5 67.8   1.3 7.2 112.4 120.8 5.9 20.6 4.9 14.6 3.3 30.0  
October 2006 2.5 7.2 211.7 204.2 64.2   1.9 7.2 111.4 76.5 6.0 17.8 4.2 40.9 1.7 17.0  
November 2006 3.3 7.1 172.2 158.2 60.0   3.2 7.2 89.4 59.6 7.1 25.0 5.8 0.0 0.1 7.1  
December 2006 2.4 7.2 225.6 202.2 57.4   3.2 7.1 126.4 80.2 6.5 20.7 3.8 0.0 2.9 5.4  
Min. Month 1.7 6.8 105.1 105.4 49.5 92.2 17.8 0.8 6.8 55.1 59.6 5.9 8.4 3.8 0.0 0.1 4.6 10.2 
Seasonal Average  2.5 7.1 220.2 293.9 64.8 178.5 34.7 2.1 7.1 97.1 99.3 6.5 20.2 7.6 39.8 4.4 23.3 15.5 
Average Annual  2.9 7.1 197.8 242.3 59.0 169.3 30.5 3.5 7.1 92.3 93.9 7.0 18.5 7.9 22.0 6.0 20.4 15.5 
 Max. Month 5.5 7.3 377.2 481.1 69.5 232.8 37.7 6.9 7.3 137.6 140.6 9.3 28.5 16.2 108.5 18.6 41.6 19.5 
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With a current average daily flow of 2.9 mgd and a permitted capacity of 4.2 mgd, this facility is 
operating at approximately 69% of its permitted capacity.  Based on the average BOD 
concentration of 198 mg/L, this wastewater would be considered medium strength.  Influent 
BOD can fall below 100 mg/L which makes it difficult to meet the required 85% permitted 
removal.  No influent nitrogen data is available for this plant. 
 
3. Permit Requirements and Current Performance.  The current permit for this 
facility has been in effect since June 12, 2006.  Monthly permit limits that are relevant to this 
study are shown below in Table 4.8-2. 
 
Table 4.8-2 
SELECT MONTHLY PERMIT LIMITS 
 
PARAMETER LIMIT 
BOD5 30 mg/L 
TSS 30 mg/L 
TKN Report 
 
The above BOD and TSS limits have been met in all months of the data collection period. 
 
4. Nitrogen Removal Performance.  This facility does not collect regular influent 
nitrogen data, and only collects effluent TKN once per month.  The data indicates that 
nitrification is not occurring the majority of the time. 
 
C. Nitrogen Removal Alternatives.  The existing maximum month loads over the three-year 
data collection period were used to determine the BioWin input data.  The primary effluent data 
which correspond to maximum-month loads is shown in Table 4.8-3 as follows for each 
permitting scenario.  The minimum temperature for the permit condition is also shown.  In 
addition, due to a lack of influent nitrogen data, the TN/BOD ratio was estimated to be 0.18. 
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Table 4.8-3 
EXISTING PRIMARY EFFLUENT PARAMETERS 
 
PERMIT CONDITION PARAMETER VALUE 
Flow, mgd 4.5 
BOD, mg/L 95 
TSS, mg/L 80 
TN, mg/L 37 
Annual Average 
Temperature, F 50 
Flow, mgd 4.4 
BOD, mg/L 95 
TSS, mg/L 80 
TN, mg/L 37 
Seasonal 
Temperature, F 38 
 
The existing plant data was then projected to the permitted capacity of the facility to develop 
model input parameters for the average annual and seasonal model runs.  The resultant data is 
shown in Table 4.8-4. 
 
Table 4.8-4 
MODEL INPUT PARAMETERS AT PERMITTED CAPACITY 
 
PERMIT CONDITION PARAMETER VALUE 
Flow, mgd 6.3 
BOD, mg/L 95 
TSS, mg/L 62 
TN, mg/L 37 
Annual Average 
Temperature, F 50 
Flow, mgd 6.3 
BOD, mg/L 95 
TSS, mg/L 62 
TN, mg/L 37 
Seasonal 
Temperature, F 63 
 
The model input data was used to run uncalibrated simulations to determine planning level, 
order-of-magnitude costs for implementing different levels of nitrogen reduction at the facility.  
A discussion of operational changes or minor modifications that can be made to the facility to 
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improve current nitrogen reduction performance as well as a presentation of the simulation 
results are presented in the following sections.   
 
1. Minor Modifications/Retrofits.  The plant is currently operating at 69% of its 
permitted capacity.  The secondary clarifiers can handle up to 2,800 mg/L MLSS at maximum-
day flows.  Maintaining a higher MLSS and solids retention time could provide enough volume 
to nitrify year round, especially at the current average daily flow.  Therefore, the new aerators 
can be controlled via the VFDs to cycle between anoxic and aerobic conditions to achieve 
nitrification.  No new equipment has to be added since the aerators were recently replaced and 
VFDs were included with the new units. 
 
2. Modifications Required to Meet TN of 8 mg/L.  The modifications to the facility 
that are required to meet an effluent TN of 8 mg/L on a seasonal and annual average basis are as 
follows. 
 
a. Seasonal.  At the assumed influent TN levels for this facility, an MLE process will 
not accomplish a seasonal effluent TN level of 8 mg/L.  An MLE process will yield a 
seasonal effluent TN of 13 mg/L in the space available on the site.  Thus, a four stage 
Bardenpho process with methanol addition to the second anoxic zone is recommended as 
shown in the BioWin model in Figure 4.8-2 below.  
  
 
 
 
 
 
 
 
FIGURE 4.8-2:  BIOWIN MODEL FOR SEASONAL TN LIMIT OF 8 mg/L 
 
This process would require 50% more reactor volume.  The existing tanks would be 
converted to two parallel plug flow reactors with flow moving in the east/west direction.  
The additional volume would be added to the front and back of the tanks to improve plug 
flow conditions.  Structural modifications would be required to partition the tanks.  The 
existing mechanical aeration system would be converted to a fine bubble aeration system. 
Primary Clarifier Effluent Secondary Clarifie
Sludge
AerobicAnoxic Anoxic II Aerobic II
Methanol
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Nitrate recycle pumps would be added as well as a methanol feed facility.  As shown in the 
site plan in Figure 4.8-3, the site appears to have enough space for the additional reactor 
volume.   
 
It is also anticipated that no new clarifiers will be required to operate the facility at the 
resultant model MLSS concentration.  It should be noted that the existing clarifiers at this 
facility are 10 feet deep.  According to TR-16, clarifiers at nitrogen removal facilities 
should be a minimum of 13 feet deep.  Because the clarifiers do not meet the minimum 
requirements set forth in Section 2, it is recommended that they be further evaluated to 
determine if they will require replacement or derating because of the shallow depth.  
 
Specific information regarding the design results is shown in Table 4.8-5 below. 
 
Table 4.8-5 
RESULTS FOR SEASONAL LIMIT OF 8 mg/L TN 
 
PARAMETER VALUE 
Aerobic SRT 6.6 days 
Total SRT 13.5 days 
First Anoxic Fraction 15% 
Total Anoxic Fraction 51% 
Reaeration HRT 20 minutes 
Total Volume 2.23 MG 
RAS Rate 50% 
Nitrate Recycle Rate 400% 
Max MLSS at Loading Rate 2,800 mg/L 
Effluent TN 6.7 mg/L 
Methanol Addition Yes; 200 gpd (6 months) 
Fixed Film Required? No 
Clarifiers? No new clarifiers 
Effluent Filtration Required? No 
 
Other plant modifications may be needed including upgrades to sludge handling.  However, 
all facilities outside of the activated sludge process are outside of the scope of this study.   
 
b. Annual Average.  As indicated above, at the assumed influent TN levels for this 
facility, an MLE process will not accomplish an average annual effluent TN level of 8 
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mg/L.  An MLE process will yield an annual average effluent TN of about 13 mg/L in the 
space available.  Thus, a four stage Bardenpho process with methanol addition to the 
second anoxic zone is recommended as shown in the BioWin model in Figure 4.8-4 as 
follows.   
 
 
 
 
 
 
 
FIGURE 4.8-4:  BIOWIN MODEL FOR ANNUAL AVERAGE TN LIMIT OF 8 mg/L 
 
This process would require 50% more reactor volume.  The existing tanks would be 
converted to two parallel plug flow reactors with flow moving in the east/west direction.  
The additional volume would be added to the front and back of the tanks to improve plug 
flow conditions.  Structural modifications would be required to partition the tanks.  The 
existing mechanical aeration system would be converted to fine bubble aeration. Nitrate 
recycle pumps would be added as well as a methanol feed facility.  As shown in the site 
plan in Figure 4.8-5, the site appears to have enough space for the additional volume.   
 
In addition to the aeration tank modifications and additional volume, it is also anticipated 
that the facility will require one additional secondary clarifier (in addition to the existing 
two) to operate the facility at the resultant model MLSS concentration. It should be noted 
that the existing clarifiers at this facility are 11 feet deep.  According to TR-16, clarifiers at 
nitrogen removal facilities should be a minimum of 13 feet deep.  Because the clarifiers do 
not meet the minimum requirements set forth in Section 2, it is recommended that they be 
further revaluated to determine if they will require replacement or derating because of the 
shallow depth.  The abandoned digesters would be demolished to fit the new clarifier. 
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Specific information regarding the design results is shown in Table 4.8-6 below. 
 
Table 4.8-6 
RESULTS FOR ANNUAL AVERAGE LIMIT OF 8 mg/L TN 
 
PARAMETER VALUE 
Aerobic SRT 9.3 days 
Total SRT 23.25 days 
First Anoxic Fraction 15% 
Total Anoxic Fraction 42% 
Reaeration HRT 20 minutes 
Total Volume 2.23 MG 
RAS Rate 50% 
Nitrate Recycle Rate 400% 
Max MLSS at Loading Rate 3,500 mg/L 
Effluent TN 7.8 mg/L 
Methanol Addition Yes; 400 gpd 
Fixed Film Required? No 
Clarifiers? 1 new clarifier 
Effluent Filtration Required? No 
 
Other plant modifications may be needed including upgrades to sludge handling.  However, 
all facilities outside of the activated sludge process are outside of the scope of this study.   
 
3. Modifications Required to Meet a TN of 5 mg/L.  The modifications to the facility 
that are required to meet an effluent TN of 5 mg/L on a seasonal and annual average basis are as 
follows. 
 
a. Seasonal.  At the assumed influent TN levels for this facility, a four stage Bardenpho 
process with methanol addition to the second anoxic zone is recommended to achieve a 
seasonal effluent TN of 5 mg/L as shown in the BioWin model in Figure 4.8-6 as follows.    
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FIGURE 4.8-6:  BIOWIN MODEL FOR SEASONAL TN LIMIT OF 5 mg/L 
 
This process would require 50% more reactor volume.  The existing tanks would be 
converted to two parallel plug flow reactors with flow moving in the east/west direction.  
The addition volume would be added to the front and back of the tanks to improve plug 
flow conditions.  Structural modifications would be required to partition the tanks.  The 
existing mechanical aeration system would be converted to fine bubble aeration.  Nitrate 
recycle pumps would be added as well as a methanol feed facility.  As shown in the site 
plan in Figure 4.8-5, the site appears to have enough space for the additional reactor 
volume.   
 
In addition to the aeration tank modifications and additional volume, it is also anticipated 
that the facility will require one additional secondary clarifier (in addition to the existing 
two) to operate the facility at the resultant model MLSS concentration.  It should be noted 
that the existing clarifiers at this facility are 11 feet deep.  According to TR-16, clarifiers at 
nitrogen removal facilities should be a minimum of 13 feet deep.  Because the clarifiers do 
not meet the minimum requirements set forth in Section 2, it is recommended that they be 
further evaluated to determine if they will require replacement or derating because of the 
shallow depth.  The abandoned digesters would be demolished to fit the new clarifier. 
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Specific information regarding the design results is shown in Table 4.8-7 below. 
 
TABLE 4.8-7 
MODELING RESULTS FOR SEASONAL LIMIT OF 5 mg/LTN 
 
PARAMETER VALUE 
Aerobic SRT 6.6 days 
Total SRT 13.5 days 
First Anoxic Fraction 15% 
Total Anoxic Fraction 51% 
Reaeration HRT 20 minutes 
Total Volume 2.23 MG 
RAS Rate 50% 
Nitrate Recycle Rate 400% 
Max MLSS at Loading Rate 3,000 mg/L 
Effluent TN 3.9 mg/L 
Methanol Addition Yes; 500 gpd (6 months) 
Fixed Film Required? No 
Clarifiers 1 new clarifier 
Effluent Filtration Required? No 
 
Other plant modifications may be needed including upgrades to sludge handling.  However, 
all facilities outside of the activated sludge process are outside of the scope of this study.   
 
b. Annual Average.  At the assumed influent TN levels for this facility, 4-stage 
Bardenpho process with methanol addition to the second anoxic zone is recommended to 
achieve an average annual effluent TN of 5 mg/L as shown in the BioWin model in Figure 
4.8-7. 
 
 
 
 
 
 
 
 
FIGURE 4.8-7:  BIOWIN MODEL FOR ANNUAL AVERAGE TN LIMIT OF 5 mg/L 
Primary Clarifier Effluent Secondary Clarifie
Sludge
AerobicAnoxic Anoxic II Aerobic II
Methanol
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This process would require 50% more reactor volume.  The existing tanks would be 
converted to two parallel plug flow reactors with flow moving in the east/west direction.  
The additional volume would be added to the front and back of the tanks to improve plug 
flow conditions.  Structural modifications would be required to partition the tanks.  The 
existing mechanical aeration system would be converted to fine bubble aeration. Nitrate 
recycle pumps would be added as well as a methanol feed facility.  As shown in the site 
plan in Figure 4.8-8, the site appears to have enough space for the additional reactor 
volume.  Specific information regarding the modeling results is shown in Table 4.8-8 
below. 
 
In addition to the aeration tank modifications and additional volume, it is also anticipated 
that the facility will require two additional secondary clarifiers (in addition to the existing 
two) to operate the facility at the resultant model MLSS concentration.  It should be noted 
that the existing clarifiers at this facility are 11 feet deep.  According to TR-16, clarifiers at 
nitrogen removal facilities should be a minimum of 13 feet deep.  Because the clarifiers do 
not meet the minimum requirements set forth in Section 2, it is recommended that they be 
further evaluated to determine if they will require replacement or derating because of the 
shallow depth.  The abandoned digesters would be demolished to fit the new clarifiers. 
 
Table 4.8-8 
MODELING RESULTS FOR ANNUAL AVERAGE LIMIT OF 8 mg/L TN 
 
PARAMETER VALUE 
Aerobic SRT 9.3 days 
Total SRT 16 days 
First Anoxic Fraction 15% 
Total Anoxic Fraction 42% 
Reaeration HRT 20 minutes 
Total Volume 2.23 MG 
RAS Rate 50% 
Nitrate Recycle Rate 400% 
Max MLSS at Loading Rate 3,600 mg/L 
Effluent TN 4 mg/L 
Methanol Addition Yes; 600 gpd 
Fixed Film Required? No 
Clarifiers? 2 new clarifiers 
Effluent Filtration Required? No 
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Other plant modifications may be needed including upgrades to sludge handling.  However, 
all facilities outside of the activated sludge process are outside of the scope of this study.   
 
D. Plant and Cost Summary.   
 
Table 4.8-9 presents flow data for the South Hadley WWTF as well as the current nitrogen 
removal performance of the plant.  As shown, the facility is achieving minimal nitrogen removal 
with their current activated sludge system.   
 
Table 4.8-9 
PLANT FLOW AND EFFLUENT LIMIT SUMMARY 
 
PARAMETER VALUE 
Permitted Flow (mgd) 4.2 
Existing Flow (2004-6) 2.9 
% of permitted capacity 69.0 
Current average seasonal effluent TN (mg/L) 27.7 
Current average annual effluent TN (mg/L)  26.4 
Permit Limits 
     Seasonal Nitrification (mg/L) 
     Year-round  nitrification (mg/L) 
     Seasonal TN Limit 
     Annual TN Limit 
 
No 
No 
No 
No 
 
Table 4.8-10 presents the nitrogen removal processes required to meet the four different permit 
conditions considered.  Based on the BioWin modeling performed, the facility will need to 
convert to a Bardenpho process with methanol addition to consistently meet both TN limits both 
seasonally and year-round.  The uncalibrated BioWin models were run at permitted capacity with 
an assumed ammonia to BOD ratio since no influent nitrogen data was available.   
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Table 4.8-10 
NITROGEN REMOVAL PROCESS SUMMARY FOR SOUTH HADLEY WWTF 
 
EXISTING 
PROCESS  
PROCESS TO 
ACHIEVE 
SEASONAL  
TN OF 8 MG/L 
PROCESS TO 
ACHIEVE 
ANNUAL 
AVERAGE  
TN OF 8 MG/L 
PROCESS TO 
ACHIEVE 
SEASONAL  
TN OF 5 MG/L 
PROCESS TO 
ACHIEVE 
ANNUAL 
AVERAGE  
TN OF 5 MG/L 
Activated 
sludge w/ 
mechanical 
aerators w/ 
VFDs 
Bardenpho w/ 
methanol 
addition 
Bardenpho w/ 
methanol 
addition 
Bardenpho w/ 
methanol 
addition 
Bardenpho w/ 
methanol 
addition 
  
The modifications required at South Hadley to convert to a new nitrogen removal process are 
summarized in Table 4.8-11.  As noted, timers could be added to the mechanical aerators so that 
cyclical aeration could be instituted for nitrogen removal.  A calibrated model could be run to 
indicate how effective this technique would be at South Hadley.  
 
Table 4.8-11 
REQUIRED MODIFICATIONS SUMMARY FOR SOUTH HADLEY WWTF 
 
MINOR 
MODIFICATIONS/ 
RETROFITS 
MODIFICATIONS 
TO ACHIEVE 
SEASONAL  
TN OF 8 MG/L 
MODIFICATIONS TO 
ACHIEVE ANNUAL 
AVERAGE 
TN OF 8 MG/L 
MODIFICATIONS TO 
ACHIEVE SEASONAL  
TN OF 5 MG/L 
MODIFICATIONS TO 
ACHIEVE ANNUAL 
AVERAGE  
TN OF 5 MG/L 
SPECIAL 
CONDITIONS 
Utilize new 
VFDs to 
simulate 
cyclical 
aeration 
50% more 
bioreactor 
volume; convert 
2 existing 
aeration tanks to 
plug flow; nitrate 
recycle pumps 
aeration 
equipment; 
methanol feed 
facility 
50% more 
bioreactor volume; 
convert 2 existing 
aeration tanks; 
nitrate recycle 
pumps aeration 
equipment; 1 
clarifier; methanol 
feed facility; 
demolition of 
digesters 
50% more 
bioreactor volume; 
convert 2 existing 
aeration tanks; 
nitrate recycle 
pumps aeration 
equipment; 1 
clarifier; methanol 
feed facility; 
demolition of 
digesters 
50% more 
bioreactor volume; 
convert 2 existing 
aeration tanks; 
nitrate recycle 
pumps aeration 
equipment; 2 
clarifiers; methanol 
feed facility; 
demolition of 
digesters 
 
 
The cost estimating procedures established in Section 2 were used to estimate capital, annual 
O&M, and 20-year present worth costs associated with the process changes and facility 
modifications summarized above.  The cost estimates are included in Table 4.8-12.   
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The table also includes costs for a potential MLE configuration.  As noted in Section 2, the first 
anoxic and aerobic volumes from the Bardenpho configuration are assumed to be the volume for 
the MLE process.  This cost is included since it is unknown whether permitted flows will ever be 
reached and since no nitrogen data or influent characterization was available to calibrate the 
model.  The sizing is not based on model runs; it is included only to give a relative cost for a 
potentially smaller MLE system.  At South Hadley, the decrease in volume means that no 
additional bioreactor volume is required for both the annual and seasonal conditions.  Everything 
else is assumed to be the same between the process alternatives. 
 
Table 4.8-12 
COST SUMMARY FOR NITROGEN REMOVAL AT SOUTH HADLEY WWTF1 
 
LIMIT CAPITAL COSTS (IN MILLIONS) 
TOTAL ANNUAL 
COSTS2 
(IN THOUSANDS) 
20-YR PRESENT 
WORTH 
(IN MILLIONS) 
Minor Modifications/Retrofits minor n/a n/a 
Seasonal Effluent TN of 8 mg/L $16 $320 $20 
Seasonal MLE Configured Tanks $8.8 $310 $13 
Annual Average Effluent TN of 8 mg/L $19 $500 $25 
Annual MLE Configured Tanks $12 $480 $18 
Seasonal Effluent TN of 5 mg/L $19 $390 $24 
Annual Average Effluent TN of 5 mg/L $22 $570 $29 
1. It should be noted that these costs represent one method by which this facility can achieve the stated TN 
goals.  It is not intended to be the most cost effective method nor the recommended method, but it 
represents a planning tool for MassDEP to estimate the fiscal impacts of establishing total nitrogen limits. 
2. Represents incremental increase over current conditions. 
Section 5 
Chicopee River Watershed
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ENGINEERING FEASIBILITY AND COST 
ANALYSES OF NITROGEN REDUCTION FROM 
SELECTED POTWS IN MASSACHUSETTS 
 
 
 
 
SECTION 5 – CHICOPEE RIVER WATERSHED 
 
 
5.1 INTRODUCTION 
 
The Chicopee River is the largest 
tributary of the Connecticut 
River.  The Chicopee watershed 
is the largest of the 27 major 
drainage basins in the State of 
Massachusetts.  The River starts 
in the Town of Palmer at the 
confluence of the Swift, Ware 
and Quaboag Rivers.  The 
Chicopee flows westward to the 
Connecticut River.  This study 
includes two POTWs that 
discharge directly to the 
Chicopee River.   
 
Figure 5.1-1 shows the Chicopee River watershed and the table below lists the two facilities with 
their respective sizes.  The impact of nitrogen removal at each of these facilities is presented in 
this section. 
 
Table 5.1-1 
CHICOPEE RIVER POTWs 
 
          
 
NAME OF FACILITY PERMITTED CAPACITY 
Palmer 5.6 mgd 
Ware 1.0 mgd 
Image from www.mass.gov 
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5.2 PALMER 
 
A. Introduction.  The Palmer Water Pollution 
Control Facility is located at 1 Norbell Street in 
Palmer, MA.  It has a permitted capacity of 5.6 mgd 
facility and serves the Towns of Palmer, Monson, 
and Belchertown and a section of Three Rivers 
which is a village of Palmer.  Portions of the 
collection system are combined sanitary and storm 
pipelines.  There currently are no industrial 
dischargers and six CSOs in the service area.  The 
facility experiences an increase in septage 
deliveries in the summer and landfill leachate from Vermont. 
  
The original facility was constructed in 1980.  Changes that have occurred since 1980 include the 
conversion of two of the aeration tanks to fine bubble diffusers and two to coarse bubble in 1994 
and the installation of belt filter presses in 1998.  
 
B. Existing Facilities. 
 
1. Description of Existing Facilities.  
The main portion of the wastewater flow to the 
Palmer facility and the flow from the upper 
portion of Three Rivers enter the headworks 
building through two pipelines.  This building 
contains the influent bar rack, aerated grit 
chamber and screenings grinder through which 
all the flow passes.  From there, flow is 
conveyed to the two primary clarifiers.   After 
primary clarification, the flow is pumped to 
the aeration tanks.  
 
The facility has four aeration tanks.  Each tank is 80 ft long by 40 ft wide with a 16 ft sidewater 
depth.  The aeration tanks are followed by two 10 ft deep, 85 ft diameter secondary clarifiers. 
Aerial photo from www.google.com 
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PACl is added to the aeration tank effluent seasonally for phosphorus removal and year-round 
for metals removal.  Caustic soda is added to the secondary clarifier effluent for pH adjustment. 
 
Secondary effluent flows through a rapid mix tank and tertiary clariflocculator.  It then receives 
chlorine disinfection and dechlorination prior to being discharged to the Chicopee River.  A 
liquid process flow schematic is shown in Figure 5.2-1. 
 
 
 
 
 
 
 
 
 
FIGURE 5.2-1:  PROCESS FLOW SCHEMATIC – EXISTING FACILITY 
 
Primary and waste activated sludge are thickened in the two gravity thickeners and dewatered 
with belt filter presses.  Sludge cake is trucked to Synagro in Waterbury, Connecticut for 
incineration.    
 
All plant recycle flows are returned to the headworks building.  The influent sampler at this 
facility is located downstream of the grit removal facility and thus all plant flows including 
internal recycle flows are included in the influent loads.  
 
Both primary clarifiers, two aeration tanks, one secondary clarifier and one chlorine contact tank 
are in service under normal operation.  The second clarifier is utilized during rain events.  
Nitrification is not required, but the plant does not try to suppress nitrification at any time of the 
year. 
 
The plant has ten full-time employees of which one is administrative.  
 
Design flows and loads for the most recent upgrade were not made available. 
 
Preliminary Treatment –
Screening, Grit Removal, 
Grinder
Primary 
Clarifiers
Aeration 
Tanks
Secondary 
Clarifiers
Chlorine 
Contact 
Chamber
Tertiary 
Clariflocculator
Primary 
Sludge
WAS
RAS
Rapid Mix
Tertiary 
Sludge
Dechlorination
Pump
Station
Parshall
Flume
Parshall
Flume
PACl
Caustic 
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There is space east and west of the existing aeration tanks to expand their capacity, but there is 
very little additional space as shown in the aerial photo.  There also is some space west of the 
clariflocculator which could be used.  It is believed that current structures are supported on piles 
due to the high groundwater table.  Significant dewatering efforts would be required due to the 
high groundwater levels and proximity to the river. 
 
2. Summary of Plant Data.  Data from January 2004 through December 2006 was 
provided by the Town for this study.  A summary of the monthly data is shown in Table 5.2-1.  
Seasonal and annual average and maximum month data is summarized in the table. 
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Table 5.2-1 
PALMER WPCF 
Palmer, Massachusetts 
Monthly Averages 2003-2006 
 
GENERAL INFLUENT EFFLUENT 
DATE INF PH BOD TSS PH DO TEMP ALKALINITY PH BOD TSS FECAL NO2 NO3 TKN NH3 ALKALINITY 
MONTH YEAR MGD  MG/L MG/L  MG/L DEG F MMOL/L  MG/L MG/L COLI. MG/L MG/L MG/L MG/L MMOL/L 
January 2004 2.3 7.2 123.9 143.1 49.0 0.6 45.9 94.0 7.0 4.3 4.9 0.0 1.6 0.8 11.3 11.1 82.0 
February 2004 2.1 7.1 142.3 166.8 63.8 0.6 45.8 110.0 7.0 5.7 6.3 0.0 1.7 0.4 19.8 13.2 91.0 
March 2004 2.3 7.2 130.4 151.7 66.4 0.6 47.9 98.0 7.1 5.9 4.3 6.0 0.3 2.3 20.0 16.0 99.0 
April 2004 2.9 7.0 98.4 130.5 51.8 0.7 49.7 68.0 6.9 5.9 3.9 0.6 0.2 1.8 16.0 12.0 63.0 
May 2004 2.4 6.9 205.1 156.2 62.0 0.8 56.1 85.0 6.9 6.4 2.2 0.0 0.2 3.1 8.1 8.2 60.0 
June 2004 2.0 7.2 176.9 206.7 63.2 0.7 61.0 98.0 7.0 5.7 2.7 4.5 0.6 10.0  2.3 52.0 
July 2004 1.9 7.0 198.1 234.4 66.5 0.7 64.0 118.0 7.1 4.8 2.1 0.1  0.5 45.0 18.0 91.0 
August 2004 1.9 7.0 204.0 296.6 64.0 0.8 65.7 127.0 7.1 5.3 2.6 0.3 0.7 16.0  1.2 48.0 
September 2004 2.1 7.0 166.2 244.9 60.7 0.7 64.8 145.0 7.1 6.4 2.4 0.1 1.0 15.0 2.7 4.2 66.0 
October 2004 2.0 7.2 201.0 229.6 70.0 0.7 60.4 125.0 7.1 8.6 2.6 0.0 0.1 14.0 1.2 1.6 52.0 
November 2004 2.3 7.1 151.2 185.6 68.4 0.6 53.9 117.0 6.9 9.3 4.0 0.0 0.4 15.0 3.4 4.5 61.0 
December 2004 2.0 7.0 185.1 188.8 64.7 0.7 51.9 111.0 6.8 9.8 3.9 0.0 0.5 5.6 15.0 13.0 74.0 
January 2005 2.3 6.9 168.5 142.4 49.0 0.6 47.5 85.0 6.9 6.8 4.5 0.0 0.3 3.5 15.0 11.0 79.0 
February 2005 2.3 6.8 128.3 163.3 63.8 0.6 46.4 89.0 6.8 5.2 3.7 0.0  1.4 17.0 20.0 105.0 
March 2005 2.3 6.8 120.6 154.2 62.0 0.6 46.6 92.0 6.8 4.4 2.9 0.0 2.1 2.1 18.0 19.0 97.0 
April 2005 3.1 6.6 99.6 135.5 57.8 0.7 49.9 71.0 6.7 6.4 3.0 0.9 0.1 1.2 7.5 8.9 79.0 
May 2005 2.5 6.6 145.1 187.1 62.0 0.8 54.1 84.0 6.7 14.3 4.9 0.7 0.3 2.0 14.0 13.0 106.0 
June 2005 2.0 6.7 184.4 253.4 63.8 0.7 60.2 118.0 6.9 18.2 2.6 0.1 0.2 0.1 21.0 20.0 118.0 
July 2005 1.9 6.8 170.6 190.1 65.6 0.7 63.6 128.0 6.8 12.7 3.1 0.0 0.1 2.3 16.0 19.0 89.0 
August 2005 1.8 7.1 171.6 227.4 62.5 0.8 66.1 123.0 7.3 5.3 1.8 0.1 0.1 15.0  3.0 61.0 
September 2005 1.8 7.2 166.3 213.9 62.2 0.7 65.3 162.0 7.1 4.6 1.7 0.9 0.3 39.0  2.1 67.0 
October 2005 3.7 7.1 137.3 146.8 70.0 0.7 60.5 95.0 6.9 5.4 3.8 1.7 1.2 17.0  1.5 49.0 
November 2005 3.0 7.0 112.3 142.1 70.0 0.6 55.8 82.0 6.9 8.1 3.2 0.0 0.2 4.3 5.3 5.6 76.0 
December 2005 2.7 7.0 115.5 129.5 63.8 0.7 50.7 72.0 7.0 8.5 3.9 0.0  2.5 9.1 9.5 86.0 
January 2006 3.6 7.2 93.8 114.5 49.0 0.6 48.5 69.0 7.1 6.1 5.3 0.0 0.2 1.3 15.0 13.0 78.0 
February 2006 3.5 7.2 96.8 91.3 63.8 0.6 47.1 63.0 7.1 3.5 3.9 0.0  1.7 8.0 10.0 79.0 
March 2006 2.4 7.3 154.2 131.1 62.0 0.6 48.0 80.0 7.2 4.9 4.5 0.0  1.1 17.0 17.0 95.0 
April 2006 2.2 7.2 180.3 154.3 57.8 0.7 51.1 118.0 7.2 5.8 3.8 0.7  0.2 23.0 21.0 121.0 
May 2006 2.4 7.0 165.0 191.2 62.0 0.8 56.0 111.0 7.1 6.8 4.1 0.7 0.2 0.8 13.0 17.0 126.0 
June 2006 2.8 7.1 113.3 159.9 63.8 0.7 60.0 97.0 7.2 7.0 2.9 0.9 0.1 0.3 22.0 19.0 97.0 
July 2006 2.5 7.1 132.9 171.2 65.6 0.7 63.6 89.0 6.9 6.6 3.0 6.7 0.0 2.1 5.6 5.2 49.0 
August 2006 2.1 7.0 158.2 203.7 62.5 0.8 65.5 120.0 7.1 4.2 2.1 1.2  20.0  0.7 66.0 
September 2006 2.3 7.1 208.1 234.0 62.2 0.7 63.4 133.0 7.2 3.8 1.5 2.8 0.1 14.0  1.4 60.0 
October 2006 2.4 7.2 178.6 194.4 70.0 0.7 60.2 133.0 7.1 5.8 2.0 0.2  16.0  0.4 46.0 
November 2006 2.7 7.3 185.6 191.1 70.0 0.6 57.0 119.0 7.1 9.6 2.2 0.0 0.3 13.0 6.3 7.5 74.0 
December 2006 2.0 7.3 173.8 195.5 63.8 0.7 53.5 121.0 7.2 11.8 4.3 0.0 0.3 15.0  1.7 103.0 
Min. Month 1.8 6.6 93.8 91.3 49.0 0.6 45.8 63.0 6.7 3.5 1.5 0.0 0.0 0.1 1.2 0.4 46.0 
Seasonal Average  2.2 7.0 171.3 207.9 64.4 0.7 61.7 116.2 7.0 7.3 2.7 1.2 0.3 10.4 14.9 7.7 72.4 
Average Annual  2.4 7.0 154.0 179.2 62.6 0.7 55.8 104.2 7.0 7.1 3.3 0.8 0.5 7.2 13.9 9.8 79.0 
 Max. Month 3.7 7.3 208.1 296.6 70.0 0.8 66.1 162.0 7.3 18.2 6.3 6.7 2.1 39.0 45.0 21.0 126.0 
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With a current average daily flow of 2.4 mgd and a permitted capacity of 5.6 mgd, this facility is 
operating at approximately 43% of its permitted capacity.  There is a possibility that a casino will 
be built in Palmer.  The estimated water usage for the casino is 1 mgd, and there may be a further 
increase in flow based on population increase associated with such a project.  If this were to 
occur, the facility would be operating at closer to 65% of its permitted capacity.  Based on the 
average BOD concentration of 154 mg/L and TSS concentration of 179 mg/L, this wastewater 
would be considered medium strength.  No influent nitrogen data is available for this plant. 
 
3. Permit Requirements and Current Performance.  The current permit for this 
facility has been in effect since September 29, 2000.  Monthly permit limits that are relevant to 
this study are shown below in Table 5.2-2. 
 
Table 5.2-2 
SELECT MONTHLY PERMIT LIMITS 
 
PARAMETER LIMIT 
BOD5 30 mg/L 
TSS 30 mg/L 
Ammonia Nitrogen Report 
TKN Report 
Nitrate Nitrogen Report 
Nitrite Nitrogen Report 
Total Phosphorus 
     November –May 
     June - October 
Report 
1 mg/L 
 
The above BOD and TSS limits have been met in all months of the data collection period. 
 
4. Nitrogen Removal Performance.  This facility does not collect influent nitrogen 
data and samples effluent data once a month.  This data suggests nitrification is occurring in the 
summer months due to the ammonia data and reduction in alkalinity.  
 
C. Nitrogen Removal Alternatives.  The existing maximum month loads over the three-year 
data collection period were used to determine the BioWin input data.  The raw influent data 
which correspond to maximum-month loads is shown in Table 5.2-3 below for each permitting 
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scenario.  The minimum temperature for the permit condition is also shown.  In addition, due to a 
lack of influent nitrogen data, the TN/BOD ratio was estimated to be 0.18.   
 
Table 5.2-3 
EXISTING INFLUENT PARAMETERS 
 
PERMIT CONDITION PARAMETER VALUE 
Flow, mgd 2.2 
BOD, mg/L 208 
TSS, mg/L 242 
TN, mg/L 37 
Average Annual 
Temperature, F 46 
Flow, mgd 2.3 
BOD, mg/L 208 
TSS, mg/L 242 
TN, mg/L 37 
Seasonal 
Temperature, F 54 
 
The existing plant data was then projected to the permitted capacity of the facility to develop 
model input parameters for the average annual and seasonal model runs.  The resultant data is 
shown in Table 5.2-4. 
 
Table 5.2-4 
MODEL INPUT PARAMETERS AT PERMITTED CAPACITY 
 
PERMIT CONDITION PARAMETER VALUE 
Flow, mgd 5.4 
BOD, mg/L 208 
TSS, mg/L 242 
TN, mg/L 37 
Average Annual 
Temperature, F 466 
Flow, mgd 5.4 
BOD, mg/L 208 
TSS, mg/L 242 
TN, mg/L 37 
Seasonal 
Temperature, F 54 
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The model input data was used to run uncalibrated simulations to determine planning level, 
order-of-magnitude costs for implementing different levels of nitrogen reduction at the facility.  
A discussion of operational changes or minor modifications that can be made to the facility to 
improve current nitrogen reduction performance as well as a presentation of the simulation 
results are presented in the following sections.   
 
1. Minor Modifications/Retrofits.  The plant is operating at only 43% of its permitted 
capacity with only half the aeration tanks in operation under normal conditions.  Limited data 
indicates that summer nitrification is occurring, and it is possible that it would occur year-round, 
even with coarse bubble diffusers in half the tanks, due to the extra capacity.  Therefore, the first 
grid of diffusers per aeration tank could be turned off to create an anoxic zone if it was baffled 
off.  
 
2. Modifications Required to Meet TN of 8 mg/L.  The modifications to the facility 
that are required to meet an effluent TN of 8 mg/L on a seasonal and annual average basis are as 
follows. 
 
a. Seasonal.  At the assumed influent TN levels for this facility, an MLE process will 
not accomplish a seasonal effluent TN level of 8 mg/L.  The MLE process will yield a 
seasonal effluent TN of 10 mg/L.  Thus, a four stage Bardenpho process is recommended 
as shown in the BioWin model in Figure 5.2-2 below.   
 
 
 
 
 
 
FIGURE 5.2-2:  BIOWIN MODEL FOR SEASONAL TN LIMIT OF 8 mg/L 
 
This process would require a 25% increase in volume, or the equivalent of one new 
aeration tank.  The existing tanks would be modified with the adequate partitioning so that 
there would be five parallel Bardenpho tanks.  The existing flow pattern may be 
inadequate, so the tanks may need to be operated as 2-pass tanks to provide plug flow.  It is 
assumed that the diffusers would have to be replaced and blower capacity would have to be 
increased since the facility was not designed to nitrify.  Nitrate recycle pumps would be 
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added.  As shown in the site plan in Figure 5.2-3, the site has enough space for the 
additional tank.   
 
In addition to the new aeration tank, it is also anticipated that the facility will require one 
additional secondary clarifier (in addition to the existing two) to operate the facility at the 
resultant model MLSS concentration.  It should be noted that the existing clarifiers at this 
facility are 10 feet deep.  According to TR-16, clarifiers at nitrogen removal facilities 
should be a minimum of 13 feet deep.  Because the clarifiers do not meet the minimum 
requirements set forth in Section 2, it is recommended that they be further evaluated to 
determine if they will require replacement or derating because of the shallow depth.  It is 
assumed that the existing tertiary clariflocculator would be demolished and a new clarifier 
would be built in its place since the site is space-limited at that end of the plant.  There is a 
possibility that the existing clariflocculator could be converted to a third secondary 
clarifier, but this would require further study.  Also, an advantage of replacing the clarifier 
is that it can be built at a depth which meets TR-16 standards. 
 
Specific information regarding the design results is shown in Table 5.2-5 below. 
 
Table 5.2-5 
RESULTS FOR SEASONAL LIMIT OF 8 mg/L TN 
 
PARAMETER VALUE 
Aerobic SRT 7.4 days 
Total SRT 15.4 days 
First Anoxic Fraction 19% 
Total Anoxic Fraction 52% 
Reaeration HRT 20 minutes 
Total Volume 1.91 MG 
RAS Rate 50% 
Nitrate Recycle Rate 400% 
Max MLSS at Loading Rate 3,300 mg/L 
Effluent TN 7.6 mg/L 
Methanol Addition No 
Fixed Film Required? No 
Clarifiers? 1 new clarifier 
Effluent Filtration Required? No 
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Other plant modifications may be needed including upgrades to sludge handling.  However, 
all facilities outside of the activated sludge process are outside of the scope of this study.   
 
b. Annual Average.  At the assumed influent TN levels for this facility, an MLE 
process will not accomplish an annual effluent TN level of 8 mg/L. The MLE process will 
yield an annual average effluent TN of about 10 mg/L.  Thus, a four stage Bardenpho 
process is recommended as shown in the BioWin model in Figure 5.2-4 as follows.   
 
 
 
 
 
 
FIGURE 5.2-4:  BIOWIN MODEL FOR ANNUAL AVERAGE TN LIMIT OF 8 mg/L 
 
This process would require a 50% increase in volume, or the equivalent of two new 
aeration tanks.  The existing tanks would be modified with the adequate partitioning so that 
there would be six parallel Bardenpho tanks.  The existing flow pattern may be inadequate, 
so the tanks may need to be operated as 2-pass tanks to provide plug flow.  It is assumed 
that the diffusers would have to be replaced and blower capacity would have to be 
increased since the facility was not designed to nitrify.  Nitrate recycle pumps would be 
added.  As shown in the site plan in Figure 5.2-5, the site has enough space for the 
additional tanks.   
 
In addition to the new aeration tanks and in accordance, it is also anticipated that the 
facility will require one additional secondary clarifier (in addition to the existing two) to 
operate the facility at the resultant model MLSS concentration.  It should be noted that the 
existing clarifiers at this facility are 10 feet deep.  According to TR-16, clarifiers at 
nitrogen removal facilities should be a minimum of 13 feet deep.  Because the clarifiers do 
not meet the minimum requirements set forth in Section 2, it is recommended that they be 
further evaluated to determine if they will require replacement or derating because of the 
shallow depth.  It is assumed that the existing tertiary clariflocculator would be demolished 
and a new clarifier would be built in its place since the site is space-limited at that end of 
the plant.  There is a possibility that the existing clariflocculator could be converted to a 
Raw influent Aeration basin Secondary Clarifie
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third secondary clarifier, but this would require further study.  Also, an advantage of 
replacing the clarifier is that it can be built at a depth which meets TR-16 standards. 
 
Specific information regarding the design results is shown in the following Table 5.2-6. 
 
Other plant modifications may be needed including upgrades to sludge handling.  However, 
all facilities outside of the activated sludge process are outside of the scope of this study.   
 
Table 5.2-6 
RESULTS FOR ANNUAL AVERAGE LIMIT OF 8 mg/L TN 
 
PARAMETER VALUE 
Aerobic SRT 11.3 days 
Total SRT 22.6 days 
First Anoxic Fraction 26% 
Total Anoxic Fraction 49% 
Reaeration HRT 20 minutes 
Total Volume 2.3 MG 
RAS Rate 50% 
Nitrate Recycle Rate 400% 
Max MLSS at Loading Rate 3,700 mg/L 
Effluent TN 7.1 mg/L 
Methanol Addition No 
Fixed Film Required? No 
Clarifiers? 1 new clarifier 
Effluent Filtration Required? No 
 
3. Modifications Required to Meet a TN of 5 mg/L.  The modifications to the facility 
that are required to meet an effluent TN of 5 mg/L on a seasonal and annual average basis are as 
follows. 
 
a. Seasonal.  At the assumed influent TN levels for this facility, a four stage Bardenpho 
process with methanol addition to the second anoxic zone is recommended to achieve a 
seasonal effluent TN of 5 mg/L as shown in the BioWin model in Figure 5.2-6.    
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FIGURE 5.2-6:  BIOWIN MODEL FOR SEASONAL TN LIMIT OF 5 mg/L 
 
This process would require a 25% increase in volume, or the equivalent of one new 
aeration tank.  The existing tanks would be modified with the adequate partitioning so that 
there are five parallel Bardenpho tanks.  The existing flow pattern may be inadequate, so 
the tanks may need to be operated as 2-pass tanks to provide plug flow.  It is assumed that 
the diffusers would have to be replaced and blower capacity would have to be increased 
since the facility was not designed to nitrify.  Nitrate recycle pumps would be added as well 
as a methanol feed facility.  As shown in the site plan in Figure 5.2-3, the site has enough 
space for the additional tanks.   
 
In addition to the new aeration tank, it is also anticipated that the facility will require one 
additional secondary clarifier (in addition to the existing two) to operate the facility at the 
resultant model MLSS concentration.  It should be noted that the existing clarifiers at this 
facility are 10 feet deep.  According to TR-16, clarifiers at nitrogen removal facilities 
should be a minimum of 13 feet deep.  Because the clarifiers do not meet the minimum 
requirements set forth in the QA/QC procedures in Section 2, it is recommended that they 
be further evaluated to determine if they will require replacement or derating because of the 
shallow depth.  It is assumed that the existing tertiary clariflocculator would be demolished 
and a new clarifier would be built in its place since the site is space-limited at that end of 
the plant.  There is a possibility that the existing clariflocculator could be converted to a 
third secondary clarifier, but this would require further study.  Also, an advantage of 
replacing the clarifier is that it can be built at a depth which meets TR-16 standards. 
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Specific information regarding the design results is shown in Table 5.2-7 below. 
 
Table 5.2-7 
RESULTS FOR SEASONAL LIMIT OF 5 mg/L TN 
 
PARAMETER VALUE 
Aerobic SRT 7.4 days 
Total SRT 15.4 days 
First Anoxic Fraction 19% 
Total Anoxic Fraction 52% 
Reaeration HRT 20 minutes 
Total Volume 1.82 MG 
RAS Rate 50% 
Nitrate Recycle Rate 400% 
Max MLSS at Loading Rate 3,900 mg/L 
Effluent TN 4.6 mg/L 
Methanol Addition Yes; 250 gpd (seasonal) 
Fixed Film Required? No 
Clarifiers? 1 new clarifier 
Effluent Filtration Required? No 
 
Other plant modifications may be needed including upgrades to sludge handling.  However, 
all facilities outside of the activated sludge process are outside of the scope of this study.   
 
b. Annual Average.  At the assumed influent TN levels for this facility, a four stage 
Bardenpho process with methanol addition to the second anoxic zone is recommended to 
achieve an average annual effluent TN of 5 mg/L as shown in the BioWin model in Figure 
5.2-7. 
 
 
 
 
 
 
 
FIGURE 5.2-7:  BIOWIN MODEL FOR ANNUAL AVERAGE TN LIMIT OF 5 mg/L 
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This process would require a 50% increase in volume, or the equivalent of two new 
aeration tanks.  The existing tanks would be modified with the adequate partitioning so that 
there are six parallel Bardenpho tanks.  The existing flow pattern may be inadequate, so the 
tanks may need to be operated as 2-pass tanks to provide plug flow.  It is assumed that the 
diffusers would have to be replaced and blower capacity would have to be increased since 
the facility was not designed to nitrify.  Nitrate recycle pumps would be added as well as a 
Methanol feed facility.  As shown in the site plan in Figure 5.2-5, the site has enough space 
for the additional aeration tanks.   
 
In addition to the new aeration tanks, it is also anticipated that the facility will require one 
additional secondary clarifier (in addition to the existing two) to operate the facility at the 
resultant model MLSS concentration.  It should be noted that the existing clarifiers at this 
facility are 10 feet deep.  According to TR-16, clarifiers at nitrogen removal facilities 
should be a minimum of 13 feet deep.  Because the clarifiers do not meet the minimum 
requirements set forth Section 2, it is recommended that they be further evaluated to 
determine if they will require replacement or derating because of the shallow depth.  It is 
assumed that the existing tertiary clariflocculator would be demolished and a new clarifier 
would be built in its place since the site is space-limited at that end of the plant.  There is a 
possibility that the existing clariflocculator could be converted to a third secondary 
clarifier, but this would require further study.  Also, an advantage of replacing the clarifier 
is that it can be built at a depth which meets TR-16 standards. 
 
 
 
 
 
 
 
 
 
 
 
 
 
(continued) 
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Specific information regarding the design results is shown in Table 5.2-8 below. 
 
Table 5.2-8 
RESULTS FOR ANNUAL AVERAGE LIMIT OF 5 mg/L TN 
 
PARAMETER VALUE 
Aerobic SRT 11.3 days 
Total SRT 18.8 days 
First Anoxic Fraction 22% 
Total Anoxic Fraction 40% 
Reaeration HRT 20 minutes 
Total Volume 2.3 MG 
RAS Rate 50% 
Nitrate Recycle Rate 400% 
Max MLSS at Loading Rate 4,000 mg/L 
Effluent TN 4.7 mg/L 
Methanol Addition 400 gpd 
Fixed Film Required? No 
Clarifiers? 1 new clarifier 
Effluent Filtration Required? No 
 
Other plant modifications may be needed including upgrades to sludge handling.  However, 
all facilities outside of the activated sludge process are outside of the scope of this study. 
 
D. Plant and Cost Summary.   
 
Table 5.2-9 presents flow data for the Palmer WWTP as well as the current nitrogen removal 
performance of the plant.  As shown, the facility is achieving minimal nitrogen removal with 
their current activated sludge process.   
 
 
 
 
 
 
 
(continued) 
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Table 5.2-9 
PLANT FLOW AND EFFLUENT LIMIT SUMMARY 
 
PARAMETER VALUE 
Permitted Flow (mgd) 5.6 
Existing Flow (2004-6) 2.4 
% of permitted capacity 42.9 
Current average seasonal effluent TN (mg/L)1 21.6 
Current average annual effluent TN (mg/L) 1 25.6 
Permit Limits 
     Seasonal Nitrification (mg/L) 
     Year-round  nitrification (mg/L) 
     Seasonal TN Limit 
     Annual TN Limit 
 
Report  
Report 
Report 
Report 
 
Table 5.2-10 presents the nitrogen removal processes required to meet the four different permit 
conditions considered.  Based on the BioWin modeling performed, the facility will need to 
convert to a 4-stage Bardenpho process with methanol additional to consistently meet 8 mg/L TN 
both seasonally and annually.  The BioWin models were run at permitted capacity with an 
assumed ammonia to BOD ratio since no influent nitrogen data was available.  The modeling 
also predicts that the facility will have to convert to a Bardenpho process with methanol addition 
to meet 5 mg/L TN in the space available at the facility. 
 
Table 5.2-10 
NITROGEN REMOVAL PROCESS SUMMARY FOR PALMER WPCF 
 
EXISTING 
PROCESS  
PROCESS TO 
ACHIEVE 
SEASONAL  
TN OF 8 MG/L 
PROCESS TO 
ACHIEVE ANNUAL 
AVERAGE  
TN OF 8 MG/L 
PROCESS TO 
ACHIEVE 
SEASONAL  
 TN OF 5 MG/L 
PROCESS TO 
ACHIEVE ANNUAL 
AVERAGE  
TN OF   5 MG/L 
Activated 
sludge w/ fine 
and coarse 
bubble aeration 
Bardenpho  Bardenpho 
Bardenpho w/ 
methanol 
addition 
Bardenpho w/ 
methanol 
addition 
 
The modifications required at Palmer to convert to a new nitrogen removal process are 
summarized in Table 5.2-11.  As noted, a Ludzack-Ettinger process could be created by turning 
off the air to the first grid of diffusers.  The removal would be significantly less than what would 
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be expected from an MLE or Bardenpho process.  A calibrated model could be run to determine 
the amount of removal possible at this facility. 
 
Table 5.2-11 
REQUIRED MODIFICATIONS SUMMARY FOR PALMER WPCF 
 
MINOR 
MODIFICATIONS/ 
RETROFITS 
MODIFICATIONS 
TO ACHIEVE 
SEASONAL  
TN OF 8 MG/L 
MODIFICATIONS 
TO ACHIEVE 
ANNUAL 
AVERAGE 
TN OF 8 MG/L 
MODIFICATIONS 
TO ACHIEVE 
SEASONAL  
TN OF 5 MG/L 
MODIFICATIONS 
TO ACHIEVE 
ANNUAL 
AVERAGE  
TN OF 5 MG/L 
SPECIAL 
CONDITIONS 
Create 
Ludzack-
Ettinger 
configuration 
1 new aeration 
tank; 
conversion of 
existing to plug 
flow; aeration 
equipment; 
nitrate recycle 
pumps; 1 new 
clarifier 
2 new aeration 
tanks; 
conversion of 
existing to plug 
flow; aeration 
equipment; 
nitrate recycle 
pumps; 1 new 
clarifier 
1 new aeration 
tank; 
conversion of 
existing to plug 
flow; aeration 
equipment; 
nitrate recycle 
pumps; 1 new 
clarifier; 
methanol feed 
facility 
2 new aeration 
tanks; 
conversion of 
existing to plug 
flow; aeration 
equipment; 
nitrate recycle 
pumps; 1 new 
clarifier; 
methanol feed 
facility 
Space-limited 
site  
 
The cost estimating procedures established in Section 2 were used to estimate capital, annual 
O&M, and 20-year present worth costs associated with the process changes and facility 
modifications summarized above.  The cost estimates for the process modifications described 
above are included in Table 5.2-12.  
 
The table also includes costs for a potential MLE configuration.  As noted in Section 2, the first 
anoxic and aerobic volumes from the Bardenpho configuration are assumed to be the volume for 
the MLE process.  This cost is included since it is unknown whether permitted flows will ever be 
reached and since no nitrogen data or influent characterization was available to calibrate the 
model.  The sizing is not based on model runs; it is included only to give a relative cost for a 
potentially smaller MLE system.  At Palmer, the decreased volume means that one fewer new 
aeration tank is required for annual permit conditions and no additional bioreactor volume for is 
required for seasonal permit conditions.  Everything else is assumed to be the same between the 
process alternatives. 
 
 
5-18 
Table 5.2-12 
COST SUMMARY FOR NITROGEN REMOVAL AT PALMER WPCF1 
 
LIMIT CAPITAL COSTS (IN MILLIONS) 
TOTAL ANNUAL 
COSTS2 
(IN THOUSANDS) 
20-YR PRESENT 
WORTH 
(IN MILLIONS) 
Minor Modifications/Retrofits minor n/a n/a 
Seasonal Effluent TN of 8 mg/L $18 $340 $22 
Seasonal MLE Configured Tanks $13 $330 $18 
Annual Average Effluent TN of 8 mg/L $22 $380 $27 
Annual MLE Configured Tanks $18 $370 $22 
Seasonal Effluent TN of 5 mg/L $18 $400 $23 
Annual Average Effluent TN of 5 mg/L $23 $570 $30 
1. It should be noted that these costs represent one method by which this facility can achieve the stated TN 
goals.  It is not intended to be the most cost effective method nor the recommended method, but it 
represents a planning tool for MassDEP to estimate the fiscal impacts of establishing total nitrogen limits. 
2. Represents incremental increase over current conditions. 
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5.3 WARE 
 
A. Introduction.  The Ware wastewater treatment facility is located on Robbins Road in 
Ware, MA.  It has a permitted capacity of 1 mgd and serves the Town of Ware.  There is only 
one remaining industrial discharger to the facility which contributes highly variable flows and 
loads to the facility.  The discharger does not pre-treat their wastewater contribution to the 
facility. 
 
The original facility included a primary clarifier and an anaerobic digester with sludge drying 
beds.  Between 1981 and 1983, the facility was converted to extended aeration activated sludge 
designed for 2 mgd average daily flow.  Changes that have occurred since 1983 include updating 
the facility for chemical addition, decommissioning the belt filter presses, and other minor 
modifications.  The facility also was derated to 1 mgd during the Year 2000 permitting cycle due 
to the reduced industrial flow.  
 
B. Existing Facilities.   
 
1. Description of Existing Facilities.  
Flow is conveyed to the treatment facility via 
gravity sewers at which point it is pumped to 
the grit removal units.  A Total Maximum Daily 
Load for the headworks is currently being 
established for the facility. 
 
There are no primary clarifiers at the facility, so 
after grit removal, the flow enters the aeration tanks.  The facility has two 3-chamber aeration 
tanks with each chamber 60 ft square with a 13 ft sidewater depth.  Mechanical aerators are used 
for aeration.  The two secondary clarifiers are 56 feet in diameter and 15 feet in depth.   
 
Secondary effluent receives chlorine disinfection seasonally and then flows by gravity to the 
Ware River.  A liquid process flow schematic of the existing facility is shown in Figure 5.3-1. 
 
Liquid sludge is stored in the former anaerobic digester which has been converted to a sludge 
storage tank.  Liquid sludge is then trucked off site for incineration.  Therefore, there are no 
recycle flows. 
Aerial photo from www.google.com
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One aeration tank is in service at a time, and both secondary clarifiers and both chlorine contact 
tanks are in service.  Nitrification is only required in the summer months, but the plant does not 
try to suppress nitrification at any time of the year.  The summertime nitrification is accompanied 
by a significant drop in alkalinity.  Soda ash is added to keep the alkalinity up in the summer 
through the end of October. 
 
 
 
 
 
 
FIGURE 5.3-1:  PROCESS FLOW SCHEMATIC – EXISTING FACILITY 
 
The plant has three full-time operators.   
 
The open space west of the aeration tanks is where the old sludge drying beds are located.  The 
surrounding area is undeveloped, as shown in the aerial photo, and this land is owned by the 
town.  New structures would be supported by footings since the soil in the area is good. 
 
2. Summary of Plant Data.  Data from January 2004 through December 2006 were 
provided by the Town for this study.  A summary of the monthly data is shown in Table 5.3-1.  
Seasonal and annual average and maximum month data is summarized in the table.   
 
 
 
 
 
 
 
 
 
 
(continued) 
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Table 5.3-1 
WARE WWTF 
Ware, Massachusetts 
Monthly Averages 2003-2006 
 
GENERAL INFLUENT EFFLUENT 
DATE INF PH BOD TSS TVSS TEMP DO DO PH BOD TSS NO2 NO3 TKN AMMONIA NITROGEN 
MONTH YEAR MGD  MG/L MG/L MG/L DEG F MG/L MG/L  MG/L MG/L MG/L MG/L MG/L MG/L 
January 2004 0.7 7.2 157.9 136.9 100.0 52.9 4.8 4.8 7.1 14.4 11.0   7.4 5.4 
February 2004 0.6 7.3 173.4 256.0 180.0 52.4 4.0 4.4 7.2 14.9 15.0   17.4  
March 2004 0.7 7.3 207.0 135.4 74.9 54.2 4.9 4.2 7.2 13.4 11.2  2.3 12.9  
April 2004 1.0 7.1 162.5 129.4 105.6 55.9 5.2 4.0 6.9 10.7 10.8 3.2   1.5 
May 2004 0.8 7.1 155.0 209.8 127.5 60.3 4.4 3.5 6.8 12.1 13.3  0.2  0.6 
June 2004 0.6 7.2 184.7 216.5 185.8 64.8 3.0 3.4 6.7 17.2 10.8  5.8 4.2 0.6 
July 2004 0.5 7.3    67.5 2.4 3.5 6.8   3.4 3.4 3.1 0.5 
August 2004 0.6 7.3 208.8 250.4 205.3 69.1 3.1 4.1 6.6 15.4 10.3  2.0 1.7 0.4 
September 2004 0.6 7.3 199.7 271.2 208.8 68.8 4.5 4.8 6.8 10.8 13.8  9.8 0.2 0.4 
October 2004 0.6 7.4 189.2 246.0 161.0 64.7 4.5 4.6 6.9 11.1 13.8  12.0 2.2 0.8 
November 2004 0.6 7.5 217.1 234.8 174.0 62.0 5.3 5.4 7.0 15.9 12.5  6.0 3.6 1.0 
December 2004 0.7 7.5 207.3 171.2 134.0 57.9 6.0 6.2 7.0 15.7 13.6  8.4 3.6 3.6 
January 2005 0.8 7.3 187.9 189.0 157.0 55.5 6.7 6.7 7.1 19.3 15.5  6.3 6.3 1.1 
February 2005 0.8 7.3 195.9 178.0 138.0 53.8 7.2  7.3 17.4 12.0  22.0 22.0 12.0 
March 2005 0.8 7.4 150.7 170.4 146.0 55.6 7.0 6.7 7.4 16.7 13.8  12.0 12.0 8.0 
April 2005 1.2 7.1 150.4 135.0 88.0 57.4 7.2 6.4 7.1 12.5 12.3  5.0 5.0 3.4 
May 2005 0.8 7.3 169.2 159.0 100.0 60.1 6.3 6.2 7.2 18.3 13.3  11.0 11.0  
June 2005 0.6 7.4 233.7 220.0 156.0 67.3 4.6 5.1 6.8 15.6 11.8  1.9 1.9 0.5 
July 2005 0.6 7.4 255.8 257.5 207.5 70.1 4.5 5.2 6.9 19.8 15.5  1.1 1.1 0.3 
August 2005 0.5 7.4 237.7 217.6 155.7 72.1 4.0 5.2 6.8 20.2 12.8  2.2 2.2 0.8 
September 2005 0.5 7.5 242.5 257.8 200.3 70.8 4.2 5.3 6.8 14.1 9.0  2.0 2.0 0.7 
October 2005 1.1 7.1 188.4 190.0 161.7 64.9 6.1 6.4 6.8 17.6 9.0  1.2 1.2 0.6 
November 2005 1.0 7.0 183.3 172.0 143.2 61.8 6.4 6.8 6.9 15.0 9.6  4.4 4.4 1.2 
December 2005 0.9 7.0 171.2 144.0 134.0 57.1 6.9 7.1 6.9 15.2 16.8  4.0 4.0 1.4 
January 2006 1.2 6.9 187.9 203.0 95.0 53.5 7.4 7.4 6.9 15.9 15.3 10.0 10.0 10.0 2.0 
February 2006 1.1 7.0 143.4 194.0 148.0 53.3 7.2 7.3 6.9 14.4 13.3 5.0 5.0 5.0 2.8 
March 2006 0.7 7.1 248.3 242.0 157.0 54.0 6.9 6.8 7.0 22.2 19.2 14.0 14.0 14.0  
April 2006 0.6 7.1 242.9 231.4 190.6 57.2 6.8 5.9 6.7 19.2 16.0 14.0 14.0 14.0  
May 2006 0.7 7.1 238.3 188.2 166.2 60.4 6.1 5.6 6.8 17.6 11.4 15.0 15.0 15.0  
June 2006 0.8 7.0 198.3 231.0 142.0 65.8 5.4 4.8 6.7 14.2 12.5 12.0 12.0 12.0 1.3 
July 2006 0.6 6.9 178.8 238.3 153.3 69.0 4.8 4.6 6.7 15.0 18.5 8.8 8.8 8.8 0.8 
August 2006 0.5 7.1 237.7 288.7 199.7 70.0 4.8 5.1 6.9 22.2 12.0 18.0 18.0 18.0 1.4 
September 2006 0.5 7.1 258.0 312.9 235.8 67.3 4.9 5.1 6.9 24.7 11.5 14.0 14.0 14.0 0.8 
October 2006 0.5 7.1 273.8 245.8 150.9 63.8 5.3 5.1 6.9 24.7 10.3 14.0 14.0 14.0 0.7 
November 2006 0.6 7.0 268.7 288.0 213.0 61.7 5.7 5.4 6.8 22.9 9.4 1.5 1.5 1.5 1.5 
December 2006 0.6 7.0 273.3 251.0 200.0 58.5 6.3 5.7 6.9 15.0 15.6 12.0 12.0 12.0 1.3 
Min. Month 0.5 6.9 143.4 129.4 74.9 52.4 2.4 3.4 6.6 10.7 9.0 1.5 0.2 0.2 0.3 
Seasonal Average  0.7 7.0 229.1 235.3 171.6 66.5 4.6 4.9 6.8 17.1 12.3 12.2 7.5 6.6 0.7 
Average Annual  0.7 7.2 205.1 213.2 157.0 61.4 5.4 5.4 6.9 16.6 12.9 10.4 7.9 7.9 1.9 
 Max. Month 1.2 7.5 273.8 312.9 235.8 72.1 7.4 7.4 7.4 24.7 19.2 18.0 22.0 22.0 12.0 
 5-22 
With a current average daily flow of 0.678 mgd and a permitted capacity of 1 mgd, this facility is 
operating at approximately 68% of its permitted hydraulic capacity.  The facility was designed 
for an average daily flow of 2 mgd before being derated to 1 mgd, therefore it is operating at 
approximately 34% of its design average daily flow.  Based on the average BOD concentration 
of 205 mg/L and TSS concentration of 213 mg/L, this wastewater would be considered medium 
strength.  With these concentrations, the facility is operating over 50% of its design BOD and 
solids capacity.  No influent nitrogen data is available for this plant. 
 
3. Permit Requirements and Current Performance.  The current permit for this 
facility has been in effect since September 29, 2000.  Monthly permit limits that are relevant to 
this study are shown below in Table 5.3-2. 
 
Table 5.3-2 
SELECT MONTHLY PERMIT LIMITS 
 
PARAMETER LIMIT 
BOD5 25 mg/L 
TSS 25 mg/L 
TKN Report 
Nitrite+Nitrate Nitrogen Report 
Ammonia Nitrogen 
     June - October 
 
1 mg/L 
 
The above BOD and TSS limits have been met in all months of the data collection period. 
 
4. Nitrogen Removal Performance.  This facility is nitrifying during the months 
required, so ammonia limits are being met.  In addition, the effluent data seem to indicate that 
nitrification is happening in other months as well although not year-round.   
 
C. Nitrogen Removal Alternatives.  The existing maximum month loads over the three-year 
data collection period were used to determine the BioWin input data.  The raw influent data 
which correspond to maximum-month loads is shown in Table 5.3-3 below for each permitting 
scenario.  The minimum temperature for the permit condition is also shown.   In addition, due to 
a lack of influent nitrogen data, the TN/BOD ratio was estimated to be 0.18. 
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Table 5.3-3 
EXISTING INFLUENT PARAMETERS 
 
PERMIT CONDITION PARAMETER VALUE 
Flow, mgd 1.1 
BOD, mg/L 188 
TSS, mg/L 196 
TN, mg/L 34 
Average Annual 
Temperature, F 53 
Flow, mgd 1.1 
BOD, mg/L 188 
TSS, mg/L 196 
TN, mg/L 34 
Seasonal 
Temperature, F 60 
 
The existing plant data was then projected to the permitted capacity of the facility to develop 
model input parameters for the average annual and seasonal model runs.  The resultant data is 
shown in Table 5.3-4. 
 
Table 5.3-4 
MODEL INPUT PARAMETERS AT PERMITTED CAPACITY 
 
PERMIT CONDITION PARAMETER VALUE 
Flow, mgd 3.1 
BOD, mg/L 188 
TSS, mg/L 196 
TN, mg/L 34 
Average Annual 
Temperature, F 53 
Flow, mgd 3.1 
BOD, mg/L 188 
TSS, mg/L 196 
TN, mg/L 34 
Seasonal 
Temperature, F 60 
 
The model input data was used to run uncalibrated simulations to determine planning level, 
order-of-magnitude costs for implementing different levels of nitrogen reduction at the facility.  
The baseline model for the facility predicted lower BOD and TKN effluent concentrations than 
the plant data reports.  This is likely due to the effects of the industrial discharger which are not 
adequately captured in the uncalibrated model.  The SIU discharge contains inert solids and 
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heavy metals which can hinder nitrification, and the discharge can also be nutrient (phosphorus) 
limited which can effect biological performance.  A discussion of operational changes or minor 
modifications that can be made to the facility to improve current nitrogen reduction performance 
as well as a presentation of the simulation results are presented in the following sections.   
 
1. Minor Modifications/Retrofits.  The facility is already nitrifying consistently in the 
summer and is operating with an SRT that should be sufficient to nitrify in the winter (if 
inhibition is not occurring).  Since the partition walls already exist, the first portion of the 
aeration tanks could be operated in an anoxic mode if mechanical aerators are turned off.  Timers 
could be added to aid the operation.  The anoxic zone most likely will become anaerobic once 
the nitrate available is used up. 
 
2. Modifications Required to Meet TN of 8 mg/L.  The modifications to the facility 
that are required to meet an effluent TN of 8 mg/L on a seasonal and annual average basis are as 
follows. 
 
a. Seasonal.  At the assumed influent TN levels for this facility, an MLE process will 
accomplish a seasonal effluent TN level of 8 mg/L.  Thus, an MLE process is 
recommended as shown in the BioWin model in Figure 5.3-2 below.   
 
 
 
 
 
 
FIGURE 5.3-2:  BIOWIN MODEL FOR SEASONAL TN LIMIT OF 8 mg/L 
 
The MLE process can fit within the existing tanks as shown in the site plan in Figure 5.3-3.  
In order to modify the existing tanks to an MLE process, it is assumed that the two tanks 
will be converted to parallel plug flow tanks so some structural modifications will be 
required.  It also is assumed that fine bubble diffusers and blowers will be installed as well 
as nitrate recycle pumps.  It is anticipated that no new secondary clarifiers will be required 
to operate the facility at the resultant model MLSS concentration.  It should be noted that 
the existing clarifiers at this facility are 15 feet deep which is greater than the minimum 
listed in TR-16. 
Raw influent Secondary Clarifie
Sludge
AerobicAnoxic
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Specific information regarding the design results is shown in Table 5.3-5 below. 
 
Table 5.3-5 
RESULTS FOR SEASONAL LIMIT OF 8 mg/L TN 
 
PARAMETER VALUE 
Aerobic SRT 5.5 days 
Total SRT 7.2 days 
First Anoxic Fraction 30% 
Total Anoxic Fraction 30% 
Reaeration HRT N/A 
Total Volume 2.1 MG (existing) 
RAS Rate 50% 
Nitrate Recycle Rate 400% 
Max MLSS at Loading Rate 1,800 mg/L 
Effluent TN 7.7 mg/L 
Methanol Addition No 
Fixed Film Required? No 
Clarifiers? No new clarifiers 
Effluent Filtration Required? No 
 
Other plant modifications may be needed including upgrades to sludge handling.  However, 
all facilities outside of the activated sludge process are outside of the scope of this study.   
 
b. Annual Average.  At the assumed influent TN levels for this facility, an MLE 
process will accomplish an annual effluent TN level of 8 mg/L.  Thus, an MLE process is 
recommended as shown in the BioWin model in Figure 5.3-4 below. 
 
  
 
 
 
 
FIGURE 5.3-4:  BIOWIN MODEL FOR ANNUAL AVERAGE TN LIMIT OF 8 mg/L 
 
Raw influent Secondary Clarifie
Sludge
AerobicAnoxic
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The MLE process can fit within the existing tanks as shown in the site plan in Figure 5.3-3.  
In order to modify the existing tanks to an MLE process, it is assumed that the two tanks 
will be converted to parallel plug flow tanks so some structural modifications will be 
required.  It also is assumed that fine bubble diffusers and blowers will be installed as well 
as nitrate recycle pumps.  It is anticipated that no new secondary clarifiers will be required 
to operate the facility at the resultant model MLSS concentration.  It should be noted that 
the existing clarifiers at this facility are 15 feet deep which is greater than the minimum 
listed in TR-16. 
 
Specific information regarding the design results is shown in Table 5.3-6 below. 
 
Table 5.3-6 
MODELING RESULTS FOR ANNUAL AVERAGE LIMIT OF 8 mg/L TN 
 
PARAMETER VALUE 
Aerobic SRT 8.0 days 
Total SRT 11.4 days 
First Anoxic Fraction 30% 
Total Anoxic Fraction 30% 
Reaeration HRT N/A 
Total Volume 2.1 MG (existing) 
RAS Rate 50% 
Nitrate Recycle Rate 400% 
Max MLSS at Loading Rate 2,700 mg/L 
Effluent TN 7.9 mg/L 
Methanol Addition No 
Fixed Film Required? No 
Clarifiers? No new clarifiers 
Effluent Filtration Required? No 
 
Other plant modifications may be needed including upgrades to sludge handling.  However, 
all facilities outside of the activated sludge process are outside of the scope of this study.   
 
3. Modifications Required to Meet a TN of 5 mg/L.  The modifications to the facility 
that are required to meet an effluent TN of 5 mg/L on a seasonal and annual average basis are as 
follows. 
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a. Seasonal.  At the assumed influent TN levels for this facility, a four stage Bardenpho 
process is recommended to achieve a seasonal effluent TN of 5 mg/L as shown in the 
BioWin model in the following Figure 5.3-5. 
 
 
 
 
 
 
FIGURE 5.3-5:  BIOWIN MODEL FOR SEASONAL TN LIMIT OF 5 mg/L 
 
This process can fit within the existing tanks as shown in the site plan in Figure 5.3-6.  In 
order to modify the existing tanks to a four-stage Bardenpho process, it is assumed that the 
two tanks will be converted to parallel plug flow tanks.  More substantial structural 
modifications will be required for Bardenpho since there are more stages in the Bardenpho 
process.  It also is assumed that fine bubble diffusers and blowers will be installed as well 
as nitrate recycle pumps.  It is anticipated that no new secondary clarifiers will be required 
to operate the facility at the resultant model MLSS concentration.  It should be noted that 
the existing clarifiers at this facility are 15 feet deep which is greater than the minimum 
listed in TR-16. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
(continued) 
Raw influent Secondary Clarifie
Sludge
AerobicAnoxic Anoxic II Aerobic II
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Specific information regarding the design results is shown in Table 5.3-7 below. 
 
Table 5.3-7 
RESULTS FOR SEASONAL LIMIT OF 5 mg/L TN 
 
PARAMETER VALUE 
Aerobic SRT 5.5 days 
Total SRT 9.2 days 
First Anoxic Fraction 23% 
Total Anoxic Fraction 43% 
Reaeration HRT 20 minutes 
Total Volume 2.1 MG (existing) 
RAS Rate 50% 
Nitrate Recycle Rate 300% 
Max MLSS at Loading Rate 2,300 mg/L 
Effluent TN 4.6 mg/L 
Methanol Addition No 
Fixed Film Required? No 
Clarifiers? No new clarifiers 
Effluent Filtration Required? No 
 
Other plant modifications may be needed including upgrades to sludge handling.  However, 
all facilities outside of the activated sludge process are outside of the scope of this study.   
 
b. Annual Average.  At the assumed influent TN levels for this facility, a four stage 
Bardenpho process is recommended to achieve a seasonal effluent TN of 5 mg/L as shown 
in the BioWin model in Figure 5.3-7. 
 
 
 
 
 
 
FIGURE 5.3-7:  BIOWIN MODEL FOR ANNUAL AVERAGE TN LIMIT OF 5 mg/L 
 
This process can fit within the existing tanks as shown in the site plan in Figure 5.3-6.  In 
order to modify the existing tanks to a four-stage Bardenpho process, it is assumed that the 
Raw influent Secondary Clarifie
Sludge
AerobicAnoxic Anoxic II Aerobic II
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two tanks will be converted to parallel plug flow tanks.  More substantial structural 
modifications will be required for Bardenpho since there are more stages in the Bardenpho 
process.  It also is assumed that fine bubble diffusers and blowers will be installed as well 
as nitrate recycle pumps.  It is anticipated that no new secondary clarifiers will be required 
to operate the facility at the resultant model MLSS concentration.  It should be noted that 
the existing clarifiers at this facility are 15 feet deep which is greater than the minimum 
listed in TR-16. 
 
Specific information regarding the modeling results is shown in Table 5.3-8 below. 
 
Table 5.3-8 
RESULTS FOR ANNUAL AVERAGE LIMIT OF 5 mg/L TN 
 
PARAMETER VALUE 
Aerobic SRT 8.0 days 
Total SRT 13.3 days 
First Anoxic Fraction 25% 
Total Anoxic Fraction 40% 
Reaeration HRT 20 minutes 
Total Volume 2.1 MG (existing) 
RAS Rate 50% 
Nitrate Recycle Rate 300% 
Max MLSS at Loading Rate 3,000 mg/L 
Effluent TN 4.8 mg/L 
Methanol Addition No 
Fixed Film Required? No 
Clarifiers? No new clarifiers 
Effluent Filtration Required? No 
 
Other plant modifications may be needed including upgrades to sludge handling.  However, 
all facilities outside of the activated sludge process are outside of the scope of this study.   
 
D. Plant and Cost Summary.   
 
The following Table 5.3-9 presents flow data for the Ware WWTP as well as the current nitrogen 
removal performance of the plant.  As shown, the facility seems to be achieving some nitrogen 
removal with their current configuration.  The facility currently is permitted at 1 mgd, but it used 
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to be permitted for 2 mgd so there is excess hydraulic capacity.  The facility has one significant 
industrial user with no pre-treatment.  Pre-treatment of the industrial discharge may be required 
in order to achieve consistent biological nutrient removal. 
 
Table 5.3-9 
PLANT FLOW AND EFFLUENT LIMIT SUMMARY 
 
PARAMETER VALUE 
Permitted Flow (mgd) 1.0 
Existing Flow (2004-6) 0.7 
% of permitted capacity 67.8 
Current average seasonal effluent TN (mg/L)1 14.1 
Current average annual effluent TN (mg/L) 1 15.8 
Permit Limits 
     Seasonal Nitrification (mg/L) 
     Year-round  nitrification (mg/L) 
     Seasonal TN Limit 
     Annual TN Limit 
 
Yes (1) 
Report 
Report 
Report 
 
Table 5.3-10 presents the nitrogen removal processes required to meet the four different permit 
conditions considered.  Based on the BioWin modeling performed, the facility will need to 
convert to a Modified Ludzack-Ettinger process to consistently meet a TN limit of 8 mg/L both 
seasonally and year-round.  The BioWin models were run at permitted capacity and with an 
assumed ammonia to BOD ratio since no influent nitrogen data was available.  The modeling 
also predicts that the facility will have to convert to a Bardenpho process to meet 5 mg/L. 
 
Table 5.3-10 
NITROGEN REMOVAL PROCESS SUMMARY FOR WARE WWTF 
 
EXISTING 
PROCESS  
PROCESS TO 
ACHIEVE 
SEASONAL  
TN OF 8 MG/L 
PROCESS TO 
ACHIEVE ANNUAL 
AVERAGE  
TN OF 8 MG/L 
PROCESS TO 
ACHIEVE 
SEASONAL  
 TN OF 5 MG/L 
PROCESS TO 
ACHIEVE ANNUAL 
AVERAGE  
TN OF   5 MG/L 
Activated 
sludge w/ 
mechanical 
aerators 
MLE MLE Bardenpho Bardenpho  
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The modifications required at Ware to convert to a new nitrogen removal process are 
summarized in Table 5.3-11.  As noted, timers could be added to the mechanical aerators so that 
cyclical aeration could be instituted for nitrogen removal.  A calibrated model could be run to 
indicate how effective this technique would be at Ware.  
 
Table 5.3-11 
REQUIRED MODIFICATIONS SUMMARY FOR WARE WWTF 
 
MINOR 
MODIFICATIONS/ 
RETROFITS 
MODIFICATIONS 
TO ACHIEVE 
SEASONAL  
TN OF 8 MG/L 
MODIFICATIONS 
TO ACHIEVE 
ANNUAL 
AVERAGE 
TN OF 8 MG/L 
MODIFICATIONS 
TO ACHIEVE 
SEASONAL  
TN OF 5 MG/L 
MODIFICATIONS 
TO ACHIEVE 
ANNUAL 
AVERAGE  
TN OF 5 MG/L 
SPECIAL 
CONDITIONS 
Install timers 
for cyclical 
aeration 
Modify 2 
existing 
aeration tanks 
to plug flow; 
aeration 
equipment; 
nitrate pumps 
Modify 2 
existing 
aeration tanks 
to plug flow; 
aeration 
equipment; 
nitrate pumps 
Modify 2 
existing 
aeration tanks 
to plug flow; 
aeration 
equipment; 
nitrate pumps 
Modify 2 
existing 
aeration tanks 
to plug flow; 
aeration 
equipment; 
nitrate pumps 
Establishing a 
TMDHL for the 
facility due to 
SIU with no pre-
treatment 
 
The cost estimating procedures established in Section 2 were used to estimate capital, annual 
O&M, and 20-year present worth costs associated with the process changes and facility 
modifications summarized above.  The cost estimates are included in Table 5.3-12.  
 
Table 5.3-12 
COST SUMMARY FOR NITROGEN REMOVAL AT WARE WWTF1 
 
LIMIT CAPITAL COSTS (IN MILLIONS) 
TOTAL ANNUAL 
COSTS2 
(IN THOUSANDS) 
20-YR PRESENT 
WORTH 
(IN MILLIONS) 
Minor Modifications/Retrofits minor n/a n/a 
Seasonal Effluent TN of 8 mg/L $6.6 $210 $9.2 
Annual Average Effluent TN of 8 mg/L $6.6 $220 $9.3 
Seasonal Effluent TN of 5 mg/L $6.6 $200 $9.2 
Annual Average Effluent TN of 5 mg/L $6.6 $210 $9.3 
1. It should be noted that these costs represent one method by which this facility can achieve the stated TN 
goals.  It is not intended to be the most cost effective method nor the recommended method, but it 
represents a planning tool for MassDEP to estimate the fiscal impacts of establishing total nitrogen limits. 
2. Represents incremental increase over current conditions. 
 
Section 6 
Millers River Watershed 
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ENGINEERING FEASIBILITY AND COST 
ANALYSES OF NITROGEN REDUCTION FROM 
SELECTED POTWS IN MASSACHUSETTS 
 
 
 
 
SECTION 6 – MILLERS RIVER WATERSHED 
 
 
6.1 INTRODUCTION 
 
The Millers River begins in the southwestern part of 
New Hampshire.  It flows southward and westward 
through north central Massachusetts to the 
Connecticut River.  For this study, there is one major 
POTW that discharges directly to the Millers River.  
This POTW is the Erving Center Wastewater 
Treatment Plant with a permitted capacity of 2.7 mgd. 
 
Figure 6.1-1 shows the Millers River watershed and the facility mentioned above.  The impact of 
nitrogen removal at this facility is presented in this section. 
 
 
 
 
 
 
 
 
 
 
 
 
(continued) 
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6.2 ERVING CENTER 
 
A. Introduction.  The Erving Center 
Wastewater Treatment Plant (WWTP) is located 
at 45 East Main Street (Route 2) in Erving, MA.  
It has a permitted average annual capacity of 2.7 
and serves the Erving Paper Mill and a limited 
number of local residents.  Septage is also 
accepted at the facility. 
 
The existing facility went online in 1977.  The 
only changes that have been made to the facility since it was first constructed include equipment 
upgrades and lagoon repairs.   
 
B. Existing Facilities. 
 
1. Description of Existing Facilities.  All flow enters the facility and passes through a 
screenings grinder.  After pH adjustment consisting of sulfuric acid, the flow enters the primary 
clarifiers.   
 
After primary treatment, the flow is conveyed by gravity to lagoons.  
 
The facility has two lagoons totaling ten million 
gallons – one lagoon is over 3 million gallons and 
the second is over 6 million gallons.  The lagoons 
have mechanical aerators.  The lagoons are 
followed by two secondary clarifiers.  The facility 
is required to add nutrients to their process.  The 
influent wastewater is nutrient deficient and thus 
approximately 300 lbs of urea and 50 lbs of 
diammonium phosphate are added to the lagoon 
each day. 
 
Secondary effluent flows into the chlorine contact tanks; it is then dechlorinated with sodium 
bisulfite before being discharged to the Millers River. 
Aerial photo from www.google.com
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Primary and waste activated sludges are combined and dewatered in the belt filter press.  The 
dewatered solids are used for soil amendment and landfill cap material.  A process flow 
schematic is shown in the following Figure 6.2-1. 
. 
 
 
 
 
 
 
 
 
 
 
 
FIGURE 6.2-1:  PROCESS FLOW SCHEMATIC – EXISTING FACILITY 
 
This facility on average receives over one million gallons of septage per month.  The septage is 
stored in a septage holding tank and then pumped to the plant influent. 
 
All plant recycle flows are conveyed to the plant influent.  The influent sampler is located after 
the grinder and thus samples include septage and recycle flows.  The effluent sampler is located 
after disinfection. 
 
The plant has exclusively used the 3 million gallon lagoon for the past fifteen years. 
 
There are six full time employees at the wastewater facility plus a supervisor and a part time lab 
tech.  The responsibilities of these employees are for the WWTP only. 
     
Design flows and loads for the most recent upgrade were not made available. 
 
2. Summary of Plant Data.  Data from January 2004 through December 2006 was 
provided by the Town for this study.  A summary of the monthly data is shown in Table 6.2-1.  
Seasonal and annual average maximum month data are summarized in the table. 
Preliminary 
Treatment – 
Screenings 
Grinder 
Chlorine 
Contact Tank  
Primary Sludge 
 
Primary 
Clarifier 
Lagoon 
Waste Sludge 
 
Secondary 
Clarifier 
Urea, 
Diammonium 
Phosphate
Sulfuric Acid 
RAS 
 
 6-4 
Table 6.2-1 
ERVING WWTP 
Erving, Massachusetts 
Monthly Averages 2004-2006 
 
GENERAL INFLUENT EFFLUENT 
DATE INF pH BOD TSS DO BOD TSS FECAL TKN TN 
Month Year MGD  mg/L mg/L mg/L mg/L Mg/L COLI. Mg/L mg/L 
January 2004           
February 2004           
March 2004           
April 2004           
May 2004           
June 2004           
July 2004           
August 2004           
September 2004           
October 2004         2.20  
November 2004           
December 2004           
January 2005         3.90  
February 2005           
March 2005           
April 2005         2.50  
May 2005           
June 2005           
July 2005         2.88  
August 2005           
September 2005           
October 2005         2.60  
November 2005           
December 2005           
January 2006 1.82 7.10 1495 6016 4.9 89 96  5.80 16.02 
February 2006 1.84 7.00 1414 5539 3.8 102 95   18.36 
March 2006  7.00   2.4      
April 2006  7.10   5.2   9 1.50  
May 2006 1.86 7.00 1363  4.9 63  3.9  11.36 
June 2006 1.80 6.90 1124 3674 4.2 38 27 2.5  6.90 
July 2006 1.76 7.15 1038 4094 4.5 11 18 2.8 2.60 1.91 
August 2006 1.73 7.20 1097 4759 3.9 10 28 6.4  1.78 
September 2006 1.67 7.35 1379 3643 5.2 11 26 1.3  1.91 
October 2006 1.72 7.35 1311 4624 6.8 16 30  4.30 2.90 
November 2006 1.83 7.10 1318 4641 4.6 17 42   3.07 
December 2006 1.74 7.25 1577 4966 5.9 40 48   7.17 
Min. Month 1.67 6.90 1038 3643 2.40 10 18    
Seasonal Average 1.51 6.14 1045 3466 4.21 21.23 21.43    
Average 1.78 7.13 1312 4662 4.69 39.65 45.52    
 Max. Month 1.86 7.35 1577 6016 6.80 102.00 95.74    
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With a current average annual flow of 1.8 mgd and a permitted capacity of 2.7 mgd, this facility 
is operating at over 67% of its permitted capacity. 
 
Based on the average BOD concentration of 1312 mg/L, this wastewater would be considered 
very strong.  The influent TN/BOD ratio is nearly zero.    
 
The data shows that the plant has maintained an average effluent TN of less than 4 mg/L.  
 
3. Permit Requirements and Current Performance.  The current permit for this 
facility has been in effect since May 21, 2004.  Monthly permit limits that are relevant to this 
study are shown below in Table 6.2-2. 
 
Table 6.2-2 
SELECT MONTHLY PERMIT LIMITS 
 
PARAMETER LIMIT 
BOD5 
     November – March 
     April - October 
 
1700 lb/d 
900 lbs/d 
TSS 
     November – March 
     April - October 
 
2350 lb/d 
900 lbs/d 
Ammonia-Nitrogen 
     December – April 
     May, November 
     June - October 
 
15 mg/L 
10 mg/L 
5 mg/L 
Ammonia, TKN, Nitrate, Nitrite Report 
 
4. Nitrogen Removal Performance.  This facility is nutrient deficient and thus they 
add nutrients in quantities that are required to sustain biological treatment.  
 
C. Nitrogen Removal Alternatives.  Because this facility is nutrient deficient, the amount of 
nutrients in the effluent is directly a result of the amount of nutrients added by the facility.  The 
only changes to the existing facility that would be recommended to ensure that the facility 
always were to meet an effluent TN limit would be to meter nutrients into the process and 
potentially flow pace the addition. 
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D.  Plant and Cost Summary.   
 
Table 6.2-3 presents flow data for the Erving Center WWTP as well as the current nitrogen 
removal performance of the plant.   
 
Table 6.2-3 
PLANT FLOW AND EFFLUENT LIMIT SUMMARY 
 
PARAMETER VALUE 
Permitted Flow (mgd) 2.7 
Existing Flow (2004-6) 1.8 
% of existing capacity 67 
Current average seasonal effluent TN (mg/L) Negligible1 
Current average annual effluent TN (mg/L)  Negligible1 
Permit Limits 
     Seasonal Nitrification (mg/L) 
     Year-round  nitrification (mg/L) 
     Seasonal TN Limit 
     Annual TN Limit 
 
Yes (5) 
Yes (10-15) 
Report 
Report 
Notes: 
1. The facility has negligible influent nitrogen.  Any nitrogen that is discharged is due to 
overdosing nutrients that are added to the treatment process.  
 
The costs associated with meeting effluent TN limits of 8 and 5 mg/L TN include an allowance 
of $500,000 (capital only) to cover an automated chemical feed system including pumps, tanks 
and containment for the two nutrients that are added to the treatment process. 
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ENGINEERING FEASIBILITY AND COST 
ANALYSES OF NITROGEN REDUCTION FROM 
SELECTED POTWS IN MASSACHUSETTS 
 
 
 
 
SECTION 7 – DEERFIELD RIVER WATERSHED 
 
 
7.1 INTRODUCTION 
 
The Deerfield River originates in southern 
Vermont.  The 73 mile long river runs through 
Massachusetts before discharging to the 
Connecticut River in Greenfield, Massachusetts, 
downstream of Turners Falls.  This study 
includes one POTW that discharges directly to 
the Deerfield River, the Greenfield WWTF.   
 
Figure 7.1-1 shows the Deerfield River 
watershed and the facility mentioned above.  The 
impact of nitrogen removal at this facility is 
presented in this section. 
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7.2 GREENFIELD 
 
A. Introduction.  The Greenfield wastewater treatment facility is located at 384 Deerfield 
Street in Greenfield, MA.  It has a permitted annual average flow of 3.2 mgd and serves 
approximately 80% of the Town of Greenfield.  There are three pump stations in the combined 
collection system and no CSOs since they were eliminated in the 1980s.  There are no significant 
industrial dischargers, and only septage from the remaining unsewered portions of Greenfield is 
accepted at the facility.   
 
The current facility was built in 1974.  Prior to 1974, two primary clarifiers and sludge digesters 
existed on the site.  The plant was upgraded in 2000 in which the trickling filters were upgraded 
with increased capacity and new drives.  The design average daily flow for this upgrade is 4.65 
mgd.  The outfall also was relocated to discharge to the Deerfield River, a new chlorine contact 
tank and equipment were added, and the headworks was upgraded.  
 
The facility is located in the floodplain and there is believed to be Native American burial 
grounds on the site. 
 
B. Existing Facilities.   
 
1. Description of existing facilities.  
All flow conveyed to the Greenfield 
Wastewater Treatment Facility (WWTF) enters 
the headworks structure.  This structure contains 
mechanical bar screens and an aerated grit 
chamber.  From there, flow passes through the 
Parshall flume and flows by gravity to the 
primary settling tanks.  
 
After primary clarification, the primary effluent flows by gravity to the trickling filters. 
 
The facility has two trickling filters with stacked plastic media.  Each tank is 100 ft in diameter 
and 10 ft deep.  The trickling filters are followed by two 10 ft deep, 75 ft diameter final settling 
tanks. 
 
Aerial photo from www.google.com
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Secondary effluent receives chlorination and dechlorination prior to discharge to the Deerfield 
River.  A liquid process flow schematic is shown in Figure 7.2-1. 
 
 
 
 
 
 
 
 
 
FIGURE 7.2-1:  PROCESS FLOW SCHEMATIC – EXISTING FACILITY 
 
Primary sludge and humus sludge are thickened in a gravity thickener.  Thickened sludge is then 
transferred to a storage tanker from which it is trucked off site for incineration.  
 
Plant sidestream flows are returned downstream of the Parshall flume and influent sampler.  
Grab samples are taken from the primary effluent channel and these include the side stream.   
 
Both primary settling tanks, both trickling filters and one of the two final settling tanks are on 
line under normal operation.  Only three primary clarifiers are operated during the summer.  
Nitrification is not required.  However, the plant does not try to suppress nitrification at any time 
of the year.  In fact, the facility is operated to achieve maximum treatment under low river flows 
in order to benefit the river.  The trickling filters are operated in series rather than parallel more 
than 95 percent of the time to accomplish this.  The trickling filters cannot be operated in series 
during a succession of very cold days.  The water temperature drops from flowing through the 
second filter and icing can occur in the secondary clarifiers.  The filters also are not operated in 
series during high flows (> 9mgd) since little benefit is gained over parallel operation.   
 
The plant has funding for 5.5 total individuals: a superintendent, an operations supervisor, a lab 
technician and four operators.  The staff is shared at with the water treatment facility which is 
why the total allocation is less than the number of people listed; their time is split between the 
two jobs.   
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Screening and Grit 
Removal 
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Clarifiers 
Primary 
Sludge 
Trickling Filters 
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As the aerial photo demonstrates, there is open space south of the headworks facility as well as 
east of the disinfection facility.  The difficulty in siting tankage will be the potential Native 
American burial grounds on the site. 
 
2. Summary of Plant Data.  Data from January 2004 through December 2006 was 
provided by the Town for this study.  A summary of the monthly data is shown in the following 
Table 7.2-1.  Seasonal and annual average and maximum month data is summarized in the table. 
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Table 7.2-1 
GREENFIELD WWTF 
Greenfield, Massachusetts 
Monthly Averages 2004-2006 
 
GENERAL INFLUENT PRIMARY EFFLUENT FINAL EFFLUENT 
DATE INF PH BOD TSS TEMP DO PH BOD TSS DO PH BOD TSS DO F. COLI TKN NO2 NO3 
MONTH YEAR MGD  MG/L MG/L DEG F MG/L  MG/L MG/L MG/L  MG/L MG/L MG/L # / 100ML MG/L MG/L MG/L 
January 2004 3.6 7.0 105.4 85.6 49.8 4.9 7.0 68.4 30.3 7.1 7.0 10.4 4.6 11.2  2.1 0.3 10.2 
February 2004 2.7 7.2 122.4 89.9 48.6 4.5 7.1 88.5 49.4 63.0 6.9 8.2 3.8 10.9     
March 2004 3.9 7.0 86.7 68.5 49.5 6.0 7.0 66.5 38.7 8.1 6.9 9.1 8.3 11.1 56.0 1.0 0.3 8.2 
April 2004 5.8 6.8 54.7 48.9 51.6 6.8 6.8 52.7 37.0 8.2 6.8 10.6 15.2 11.3 12.0    
May 2004 3.9 6.9 114.4 118.9 57.7 3.5 6.9 77.7 59.1 5.1 6.9 18.6 17.1 9.9 8.0 2.0 0.1 10.8 
June 2004 2.9 7.0 163.0 169.6 61.7 1.9 6.8 80.8 39.8 3.0 6.7 16.5 11.4 9.3 12.0    
July 2004 2.3 7.0 197.5 193.6 65.8 2.3 6.8 100.6 50.6 3.4 6.6 18.9 14.0 8.2 15.0 2.1 0.0 18.2 
August 2004 3.4 7.0 146.3 124.8 67.8 2.8 6.8 62.4 38.1 4.5 6.8 17.1 9.7 8.3 15.0    
September 2004 3.8 6.9 129.9 118.9 66.0 3.1 6.8 58.5 34.2 4.4 6.8 18.5 9.4 8.7 16.0 1.4 0.0 14.1 
October 2004 3.6 6.9 143.3 128.7 61.7 3.8 6.9 43.7 22.6 5.4 6.9 18.6 10.4 9.3 15.0    
November 2004 3.3 7.0 156.8 149.8 57.4 4.2 6.9 60.8 32.3 3.7 6.9 10.6 5.2 9.9  1.7 0.0 12.4 
December 2004 4.6 6.9 100.1 95.0 52.2 6.5 6.9 42.3 25.2 6.7 6.9 9.7 5.4 10.4     
January 2005 4.3 7.2 129.5 102.4 48.2 7.7 7.2 48.3 43.4 7.9 7.3 8..5 4.3 11.3  2.9 0.1 15.0 
February 2005 4.1 7.2 127.8 130.7 46.6 8.1 7.1 50.5 46.2 8.4 7.2 10.7 6.3 11.4     
March 2005 4.6 7.1 106.8 105.3 46.8 8.1 7.1 49.1 32.1 8.8 7.1 14.2 15.0 11.5 26.0    
April 2005 5.6 7.1 96.0 100.9 51.4 7.9 7.0 39.2 24.1 8.9 7.0 23.0 13.8 11.0 3.0    
May 2005 3.6 7.1 153.4 156.1 54.9 4.9 7.0 63.2 39.6 6.5 6.9 20.7 11.0 10.1 5.0 1.8 0.0 11.8 
June 2005 2.7 7.1 211.2 209.4 61.9 2.8 7.0 103.2 40.5 5.8 6.7 27.0 15.0 8.9 4.0    
July 2005 3.4 7.0 175.1 188.7 65.8 3.1 6.9 69.5 31.2 6.0 6.9 22.8 11.6 8.3 6.0 1.4 0.0 0.7 
August 2005 2.5 7.1 198.2 188.0 68.5 2.2 6.9 106.8 37.7 5.2 6.8 22.3 10.6 8.1 10.0    
September 2005 2.2 7.1 225.0 219.4 67.5 2.0 6.7 139.6 53.7 5.1 6.5 23.4 6.5 8.1 8.0 2.9 0.0 14.2 
October 2005 6.3 6.9 120.7 125.8 61.9 5.2 6.9 71.6 31.1 6.8 6.9 29.5 11.4 9.1 16.0    
November 2005 4.9 6.9 86.3 109.6 56.7 5.6 6.9 37.1 25.7 6.4 7.1 13.3 9.7 9.9  1.6 0.2 9.7 
December 2005 4.6 7.0 108.3 113.4 51.6 6.9 7.0 38.4 19.9 7.5 7.1 10.8 9.2 11.2     
January 2006 6.2 6.9 86.1 97.1 48.2 8.8 6.9 35.4 26.5 9.1 7.0 10.3 9.7 11.5  1.8 0.1 11.0 
February 2006 5.0 6.9 117.1 134.0 46.4 8.3 6.9 38.7 22.8 8.9 7.0 13.4 13.8 11.7     
March 2006 3.0 7.1 160.1 159.6 48.2 7.0 7.0 64.7 29.7 7.1 6.7 16.8 14.4 11.5  2.1 0.1 12.5 
April 2006 3.0 7.0 164.8 149.4 51.8 6.1 6.9 73.7 38.9 5.4 6.6 28.3 11.8 10.9     
May 2006 4.5 6.9 120.6 118.0 55.4 5.7 6.9 59.7 35.5 5.7 6.7 26.8 11.1 10.2  2.0 0.0 14.4 
June 2006 3.6 6.9 144.5 142.2 60.8 3.8 6.9 61.0 39.0 5.3 6.7 19.8 6.5 9.1     
July 2006 3.2 6.9 176.9 146.0 66.2 2.5 6.9 73.2 35.8 5.6 6.8 25.7 9.6 8.6  2.9 0.0 12.8 
August 2006 2.3 7.0 215.8 176.1 68.0 1.5 6.8 105.4 36.5 4.2 6.5 23.7 8.9 8.3     
September 2006 2.3 7.0 175.4 162.0 66.2 1.9 6.7 90.6 35.3 4.1 6.5 16.3 8.6 8.4  3.1 0.0 14.8 
October 2006 3.8 7.0 139.9 119.7 60.8 3.8 6.8 64.5 35.2 4.6 6.9 12.5 6.4 9.1  2.5 0.0 12.4 
November 2006 5.4 7.0 85.5 98.4 57.2 6.3 7.0 34.7 23.5 6.5 7.2 11.4 9.5 10.0  2.9 0.0 14.2 
December 2006 3.4 7.0 133.3 135.5 53.6 5.8 6.9 49.0 27.6 5.1 7.1 8.3 6.5 10.4  2.7 0.1 15.2 
Min. Month 2.2 6.8 54.7 48.9 46.4 1.5 6.7 34.7 19.9 3.0 6.5 8.2 3.8 8.1 3.0 1.0 0.0 0.7 
Seasonal Average  3.3 7.0 164.0 155.9 63.3 3.2 6.9 79.6 38.6 5.0 6.8 21.0 10.5 8.9 10.8 2.2 0.0 12.4 
Average Annual  3.8 7.0 138.3 132.8 57.1 4.9 6.9 65.8 35.2 7.7 6.9 17.1 9.9 9.9 14.2 2.1 0.1 12.2 
 Max. Month 6.3 7.2 225.0 219.4 68.5 8.8 7.2 139.6 59.1 63.0 7.3 29.5 17.1 11.7 56.0 3.1 0.3 18.2 
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With a current average daily flow of 3.8 mgd and a design capacity of 4.65 mgd, this facility is 
operating at approximately 82% of its design average day capacity and 118% of its permitted 
capacity.  Based on the average BOD concentration of 138 mg/L and TSS concentration of 133 
mg/L, this wastewater would be considered low strength.  No influent nitrogen data is available 
for this plant. 
 
3. Permit Requirements and Current Performance.  The current permit for this 
facility has been in effect since October 30, 2002.  Monthly permit limits that are relevant to this 
study are shown below in Table 7.2-2. 
 
Table 7.2-2 
SELECT MONTHLY PERMIT LIMITS 
 
PARAMETER LIMIT 
BOD5 30 mg/L 
TSS 30 mg/L 
TKN Report 
Nitrite Nitrogen Report 
Nitrate Nitrogen Report 
 
The above BOD and TSS limits have been met in all months of the data collection period. 
 
4. Nitrogen Removal Performance.  This facility does not collect influent nitrogen 
data and only samples effluent nitrogen six times a year as required by permit.  The data 
available suggests the plant is nitrifying year-round.   
 
C. Nitrogen Removal Alternatives.  The existing maximum month loads over the three-
year data collection period were used to determine the design data.  The primary effluent data 
which correspond to maximum-month loads are shown in Table 7.2-3 below for each permitting 
scenario.  The minimum temperature for the permit condition is also shown.   In addition, due to 
a lack of influent nitrogen data, the TN/BOD ratio was estimated to be 0.18 
 
 
 
 
(continued) 
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Table 7.2-3 
EXISTING PRIMARY EFFLUENT PARAMETERS 
 
PERMIT CONDITION PARAMETER VALUE 
Flow, mgd 2.2 
BOD, mg/L 140 
TSS, mg/L 75 
TN, mg/L 36 
Annual Average 
Temperature, F 46 
Flow, mgd 2.2 
BOD, mg/L 140 
TSS, mg/L 75 
TN, mg/L 36 
Seasonal 
Temperature, F 55 
  
The existing plant data was then projected to the permitted capacity of the facility to develop 
model input parameters for the average annual and seasonal model runs.  The resultant data is 
shown in Table 7.2-4. 
 
Table 7.2-4 
PARAMETERS AT PERMITTED CAPACITY 
 
PERMIT CONDITION PARAMETER VALUE 
Flow, mgd 2.7 
BOD, mg/L 140 
TSS, mg/L 75 
TN, mg/L 36 
Annual Average 
Temperature, F 46 
Flow, mgd 2.7 
BOD, mg/L 140 
TSS, mg/L 75 
TN, mg/L 36 
Seasonal 
Temperature, F 55 
 
The model input data was used to size nitrogen reduction processes in order to determine 
planning level, order-of-magnitude costs for implementing different levels of nitrogen reduction 
at the facility.  A discussion of operational changes or minor modifications that can be made to 
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the facility to improve current nitrogen reduction performance as well as a presentation of the 
evaluation results are presented in the following sections.   
 
1. Minor Modifications/Retrofits.  Based on the trickling filter secondary system, there 
are no operational or minor modifications/retrofits that could be implemented at this facility to 
achieve any appreciable level of nitrogen removal. 
 
2. Modifications Required to Meet TN of 8.  Modifications to the facility that are 
required to meet an effluent TN of 8 mg/L on a seasonal and annual average basis are as follows. 
 
a. Seasonal.  The existing facility is not amenable to suspended growth nitrogen 
removal processes due to the existing trickling filter arrangement.  BAF filters are 
recommended to achieve nitrification and denitrification filters are recommended to 
achieve denitrification as shown in the process schematic in Figure 7.2-2 below.  The data 
suggests that nitrification is occurring when the trickling filters are operated in series, but 
with such limited data and results from a BioWin simulation suggesting otherwise, it is 
assumed biological aerated filters are required.  This would have to be investigated further. 
 
 
 
 
 
 
 
 
 
 
FIGURE 7.2-2:  PROCESS SCHEMATIC FOR SEASONAL TN LIMIT  
 
Based on the clarifier evaluation procedures established in Section 2, it would be 
determined that two additional secondary clarifiers would be required.  However, the 
existing clarifiers are performing well at approximately 70-80% of the design average-day 
hydraulic capacity, and the nitrification and denitrification filters being recommended can 
remove solids.  Therefore, no additional clarifiers were recommended for this facility.  It 
should be noted that the existing clarifiers at this facility are 10 feet deep. According to TR-
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16, clarifiers at nitrogen removal facilities should be a minimum of 13 feet deep.  Because 
the clarifiers do not meet the minimum requirements set forth in Section 2 and since the 
downstream filters are being partially depended on for solids removal, it is recommended 
that they be further evaluated to determine if they will require replacement or derating 
because of the shallow depth.   
 
As shown in the site plan in Figure 7.2-3, the site appears to have enough space for the new 
filters.  Specific information regarding the design results is shown in Table 7.2-5 below. 
 
Table 7.2-5 
PROCESS DESIGN FOR SEASONAL LIMIT OF 8 mg/L TN 
 
PARAMETER VALUE 
Aerobic SRT N/A 
Total SRT N/A 
First Anoxic Fraction N/A 
Total Anoxic Fraction N/A 
Reaeration HRT N/A 
Total Volume 
1.17 MG trickling filter 
(existing); 0.45 MG BAF 
filters (4 cells); 0.14 
denitrification filters (4 cells) 
RAS Rate N/A 
Nitrate Recycle Rate N/A 
Max MLSS at Loading Rate N/A 
Effluent TN 8 mg/L 
Methanol Addition Yes; 190 gpd 
Fixed Film Required? Yes (existing TF) 
Clarifiers? 2 new clarifiers 
Effluent Filtration Required? 
Yes; 8,500 square feet (BAF 
total footprint); 3,300 square 
feet (denitrification total 
footprint) 
 
Compensatory storage has to be provided to account for the land area within the flood plain 
consumed by the new facilities.  A methanol feed facility and intermediate pump station to 
overcome the headloss added by the filters are also required.  Other plant modifications 
may be needed including upgrades to sludge handling.  However, all facilities outside of 
the activated sludge process are outside of the scope of this study.   
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b. Annual Average.  As with the seasonal permit condition, BAF filters are 
recommended to achieve nitrification and denitrification filters are recommended to 
achieve denitrification as shown in the process schematic in the following Figure 7.2-4.  
The data suggests that nitrification is occurring when the trickling filters are operated in 
series, but the trickling filters cannot be operated in series during the winter months.  
Therefore, it is assumed the BAF is required.  
 
 
 
 
 
 
 
 
 
FIGURE 7.2-4:  PROCESS SCHEMATIC FOR ANNUAL AVERAGE TN LIMIT  
 
Based on the clarifier evaluation procedures established in Section 2, it would be 
determined that two additional secondary clarifiers would be required.  However, the 
existing clarifiers are performing well at approximately 70-80% of the design average-day 
hydraulic capacity, and the nitrification and denitrification filters being recommended can 
remove solids.  Therefore, no additional clarifiers were recommended for this facility.  It 
should be noted that the existing clarifiers at this facility are 10 feet deep. According to TR-
16, clarifiers at nitrogen removal facilities should be a minimum of 13 feet deep.  Because 
the clarifiers do not meet the minimum requirements set forth in Section 2 and since the 
downstream filters are being partially depended on for solids removal, it is recommended 
that they be further evaluated to determine if they will require replacement or derating 
because of the shallow depth.   
 
As shown in the site plan in Figure 7.2-3, the site appears to have enough space for the new 
filters.  Specific information regarding the modeling results is shown in the following Table 
7.2-6. 
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Table 7.2-6 
PROCESS DESIGN FOR ANNUAL AVERAGE LIMIT of 8 mg/L TN 
 
PARAMETER VALUE 
Aerobic SRT N/A 
Total SRT N/A 
First Anoxic Fraction N/A 
Total Anoxic Fraction N/A 
Reaeration HRT N/A 
Total Volume 
1.17 MG trickling filter 
(existing); 0.45 MG BAF 
filters (4 cells); 0.14 
denitrification filters (4 cells) 
RAS Rate N/A 
Nitrate Recycle Rate N/A 
Max MLSS at Loading Rate N/A 
Effluent TN 8 mg/L 
Methanol Addition Yes; 190 gpd 
Fixed Film Required? Yes (existing TF) 
Clarifiers? 2 new clarifiers 
Effluent Filtration Required? 
Yes; 8,500 square feet (BAF 
total footprint); 3,300 square 
feet (denitrification total 
footprint) 
 
Compensatory storage has to be provided to account for the land area within the flood plain 
consumed by the new facilities.  A methanol feed facility and intermediate pump station to 
overcome the headloss added by the filters also are required. Other plant modifications may 
be needed including upgrades to sludge handling.  However, all facilities outside of the 
activated sludge process are outside of the scope of this study.   
 
3. Modifications Required to Meet a TN of 5.  Meeting a lower limit will require the 
same type of technology and facility modifications presented above. 
 
D. Plant and Cost Summary.   
 
Table 7.2-7 presents flow data for the Greenfield WWTP as well as the current nitrogen removal 
performance of the plant.  As shown, the facility is not meeting the proposed effluent goals with 
their current process.   
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Table 7.2-7 
PLANT FLOW AND EFFLUENT LIMIT SUMMARY 
 
PARAMETER VALUE 
Permitted Flow (mgd) 3.21 
Existing Flow (2004-6) 3.8 
% of permitted capacity 118.8 
Current average seasonal effluent TN (mg/L) 14.6 
Current average annual effluent TN (mg/L)  14.4 
Permit Limits 
     Seasonal Nitrification (mg/L) 
     Year-round  nitrification (mg/L) 
     Seasonal TN Limit 
     Annual TN Limit 
 
No 
No  
Report 
Report 
1. Analyses were based on a treatment capacity of 4.65 mgd since the facility 
is currently operating at 118% of its permitted hydraulic capacity.  
 
Table 7.2-8 presents the nitrogen removal processes required to meet the four different permit 
conditions considered.  A biological aerated filter followed by a denitrification filter are 
recommended for each scenario.  The filters for both conditions are the same since similar peak 
flows and loads occurred during both permit conditions.   
 
Table 7.2-8 
NITROGEN REMOVAL PROCESS SUMMARY FOR GREENFIELD WWTF 
 
EXISTING 
PROCESS  
PROCESS TO 
ACHIEVE 
SEASONAL  
TN OF 8 MG/L 
PROCESS TO 
ACHIEVE ANNUAL 
AVERAGE  
TN OF 8 MG/L 
PROCESS TO 
ACHIEVE 
SEASONAL  
TN OF 5 MG/L 
PROCESS TO 
ACHIEVE ANNUAL 
AVERAGE  
TN OF   5 MG/L 
Trickling 
filters 
Biological aerated 
filter and 
denitrification 
filter 
Biological aerated 
filter and 
denitrification 
filter 
Biological aerated 
filter and 
denitrification 
filter 
Biological aerated 
filter and 
denitrification 
filter 
 
The modifications required at Greenfield to convert to a new nitrogen removal process are 
summarized in Table 7.2-9.  As noted, no minor modifications can be made to the treatment 
facility to improve nitrogen removal due to the current trickling filter arrangement.  
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Table 7.2-9 
REQUIRED MODIFICATIONS SUMMARY FOR GREENFIELD WWTF 
 
MINOR 
MODIFICATIONS/ 
RETROFITS 
MODIFICATIONS 
TO ACHIEVE 
SEASONAL  
TN OF 8 MG/L 
MODIFICATIONS 
TO ACHIEVE 
ANNUAL 
AVERAGE 
TN OF 8 MG/L 
MODIFICATIONS 
TO ACHIEVE 
SEASONAL  
TN OF 5 MG/L 
MODIFICATIONS 
TO ACHIEVE 
ANNUAL 
AVERAGE  
TN OF 5 MG/L 
SPECIAL 
CONDITIONS 
None 
BAFs and 
denitrification 
filters; 
methanol feed 
facility; 
intermediate 
pump station 
compensatory 
storage 
BAFs and 
denitrification 
filters; 
methanol feed 
facility; 
intermediate 
pump station 
compensatory 
storage 
BAFs and 
denitrification 
filters; 
methanol feed 
facility; 
intermediate 
pump station 
compensatory 
storage 
BAFs and 
denitrification 
filters; 
methanol feed 
facility; 
intermediate 
pump station 
compensatory 
storage 
Located in flood 
plain; potential 
Native  
American burial 
sites 
 
The cost estimating procedures established in Section 2 were used to estimate capital, annual 
O&M, and 20-year present worth costs associated with the process changes and facility 
modifications summarized above.  The cost estimates are included in Table 7.2-10.  Since the 
same plant modifications are required for all scenarios, an additional row was included to 
demonstrate the costs if BAFs were not required to meet seasonal permits.  It was assumed that 
two new clarifiers would be required however to avoid overloading the denitrification filter. 
 
Table 7.2-10 
COST SUMMARY FOR NITROGEN REMOVAL AT GREENFIELD WWTF1 
 
LIMIT CAPITAL COSTS (IN MILLIONS) 
TOTAL ANNUAL 
COSTS2 
(IN THOUSANDS) 
20-YR PRESENT 
WORTH 
(IN MILLIONS) 
Minor Modifications/Retrofits N/A N/A N/A 
Seasonal Effluent TN of 8 mg/L $49 $210 $52 
Seasonal Effluent TN of 8 mg/L (no 
BAFs) $26 $140 $28 
Annual Average Effluent TN of 8 mg/L $49 $260 $53 
Seasonal Effluent TN of 5 mg/L $49 $220 $52 
Seasonal Effluent TN of 5 mg/L (no 
BAFs) $26 $160 $28 
Annual Average Effluent TN of 5 mg/L $49 $290 $53 
1. It should be noted that these costs represent one method by which this facility can achieve the stated TN 
goals.  It is not intended to be the most cost effective method nor the recommended method, but it 
represents a planning tool for MassDEP to estimate the fiscal impacts of establishing total nitrogen limits. 
2. Represents incremental increase over current conditions. 
Section 8 
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ENGINEERING FEASIBILITY AND COST 
ANALYSES OF NITROGEN REDUCTION FROM 
SELECTED POTWS IN MASSACHUSETTS 
 
 
 
 
SECTION 8 – WESTFIELD RIVER WATERSHED 
 
 
8.1 INTRODUCTION 
 
The Westfield River drains the eastern portion of the Berkshires, 
flows through Westfield and then joins the Connecticut River in 
Agawam.  The river is fed by a number of other area rivers 
including the North Branch, Middle Branch and West Branch.  
This study includes one POTW that discharges directly to the 
Westfield River – the Westfield WWTF.   
 
Figure 8.1-1 shows the Westfield River watershed and the facility 
mentioned above.  The impact of nitrogen removal at this facility 
is presented in this section. 
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8.2 WESTFIELD 
 
A. Introduction.  The Westfield wastewater treatment facility is located on Neck Road in 
Westfield, MA.  The site is constructed in a designated flood way.  It has a permitted annual 
average capacity of 6.1 mgd (based on a 12-month rolling average) and serves Westfield and a 
small portion of Southwick.  Approximately 5% of the influent flow is industrial.  It is not a 
combined collection system, but there is an issue with inflow and infiltration.  The facility does 
accept a fairly high volume of septage: approximately 17,000 gallons per day on an average day 
but with slugs of flow as high as 30,000 gallons per day.   
 
The current facility was built in 1973.  A major expansion/upgrade was completed from 1998-
2005.  The design annual average capacity was increased from 4.0 mgd to 6.1 mgd based on the 
design-year 2020 projections.  The permitted capacity of the facility also was increased to 6.1 
mgd upon completion of the expansion.  A third plug flow aeration train was added and the 
surface aerators were converted to a diffused aeration system.  An additional aerated grit 
chamber, primary settling tank, final settling tank, and chlorine contact tank were also added, and 
the plant was updated with a new SCADA system.  A new blower/sludge processing building 
was constructed, which houses the blowers and the new waste sludge storage tank.  The new 
facilities are not shown in the aerial photo below. 
 
B. Existing Facilities. 
 
1. Description of Existing Facilities.  
All flow is conveyed to the Westfield 
Wastewater Treatment Facility (WWTF) by 
gravity where it enters the Influent Pump 
Station.  This structure contains the influent 
pumps and a screenings grinder with a manual 
bypass rack.  From there, flow is conveyed to 
the aerated grit removal system.  
 
After primary clarification, the primary 
effluent flows by gravity to the aeration tanks. 
 
Aerial photo from www.google.com
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The facility has three aeration tanks with an anoxic zone at the head of each tank.  Each tank is 
246 ft long by 26 ft wide with a 12.4 ft sidewater depth.  Each first stage anoxic zone is 86 ft 
long by 26 feet wide.  Sodium aluminate is added at the beginning of the anoxic zones seasonally 
to meet a total phosphorus limit of 1.0 mg/L.  Caustic soda is added in the winter to raise the pH.  
The aeration tanks are followed by three 12 ft deep, 80 ft diameter secondary clarifiers.  Only 
two aeration tanks and two clarifiers are shown in the aerial photo since it was taken prior to the 
recent upgrades. 
 
Secondary effluent receives chlorine disinfection and dechlorination with sodium bisulfite prior 
to being discharged to the Westfield River.  An effluent pump station is available to pump 
effluent to the river if the water stage in the river is too high for the effluent to flow by gravity.  
A liquid process flow schematic is shown in Figure 8.2-1. 
 
 
 
 
 
 
 
 
 
 
FIGURE 8.2-1:  PROCESS FLOW SCHEMATIC – EXISTING FACILITY 
 
Waste activated sludge is thickened with gravity belt thickeners.  Thickened WAS and primary 
sludge are stored in a sludge tank and then hauled mostly to Synagro’s facility in Waterbury, CT.  
Occasionally the combined sludge is dewatered with the belt filter presses and sent to a landfill 
in Seneca Meadows, NY.   
 
All plant recycle flows are returned to the headworks.  Septage is introduced to the wastewater 
stream at the headworks also.  The influent flow meter includes the side stream flows, but the 
influent sampler does not include the loads since the sampler is upstream of where the sidestream 
is returned.  The primary sampler is located downstream of where the side stream returns, thus 
all plant flows are part of the primary effluent loads.  
 
Preliminary Treatment –Grinder, Grit Removal
Primary Clarifiers Aeration Tanks
Secondary Clarifiers
Chlorine Contact Chamber
Primary Sludge WAS
RAS
Effluent Pump Station
Dechlorination Unit
Sodium Aluminate, Caustic Soda
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All process tanks are operated under normal conditions.  The first stage of the aeration tanks is 
being operated as an anoxic zone.  Nitrification is not required in the winter but the effluent data 
indicates that varying levels of nitrification is occurring during the coldest months. 
 
The plant has nine full-time employees:  one superintendent, one deputy superintendent, four 
plant operators and three plant attendants. 
 
There is essentially no open space left on the fenced in portions of the site due to the addition of 
the third treatment train.  In addition, a US Army Corps of Engineers permit would be required 
to build on additional portions of the site since the plant is located in a flood way.  If new 
structures were constructed, the foundations could be on spread footings. 
     
2. Summary of Plant Data.  Data from January 2004 through December 2006 was 
provided by the Town for this study.  A summary of the monthly data is shown in Table 8.2-1.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(continued) 
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Table 8.2-1 
WESTFIELD WWTF 
Westfield, Massachusetts 
Monthly Averages 2004-2006 
 
GENERAL INFLUENT PRIMARY EFFLUENT FINAL EFFLUENT 
DATE INF PH BOD TSS TVSS TKN TEMP DO AMMONIA NITROGEN NO2 NO3 PH BOD TSS DO PH BOD TSS F. COLI NO2 NO3 
NO2 + 
NO3 TKN TN 
AMMONIA 
NITROGEN 
MONTH YEAR MGD  MG/L MG/L MG/L MG/L DEG F MG/L MG/L MG/L MG/L  MG/L MG/L MG/L  MG/L MG/L # / 100ML MG/L MG/L MG/L MG/L MG/L MG/L 
January 2004 4.7 6.9 172.0 184.0 168.0  9.6 5.6    6.8 135.4 89.0 8.7 7.0 17.4 11.8    1.6 16.6 14.1  
February 2004 3.6 6.9 212.0 192.0 177.0  22.8 5.6    6.8 170.7 96.6 8.7 7.2 29.6 19.4    2.3 37.1 18.5  
March 2004 3.7 6.8 173.0 188.0 170.0  46.8 6.2    6.8 134.1 89.9 9.4 7.0 15.8 15.5    0.8 29.0 10.0  
April 2004 6.2 6.7 131.0 147.0 132.0  60.0 5.7    6.7 93.7 77.7 9.1 6.9 13.9 4.5    1.8 13.0 9.4  
May 2004 3.8 6.8 220.0 229.0 202.0  72.8 5.0    6.8 132.7 79.8 8.9 7.0 21.2 9.8    2.2 7.8 13.0  
June 2004 2.9 6.7 220.0 240.0 205.0  77.9 4.6    6.7 139.1 79.4 8.7 6.8 14.9 9.3    1.1 19.0 18.0  
July 2004 2.6 6.7 245.0 294.0 252.0  65.8 4.2    6.6 147.7 98.7 7.9 6.7 12.1 8.4    0.4 19.0 10.0  
August 2004       32.0                   
September 2004 3.6 6.7 248.0 282.0 232.0  74.9 4.6    6.6 117.8 109.4 8.2 7.0 9.8 7.8    0.8 80.0 20.0  
October 2004 3.6 6.8 228.0 268.0 224.0  60.4 4.7    6.8 122.6 100.0 8.1 6.8 8.8 7.9    5.5 1.9 0.6  
November 2004                          
December 2004 4.4 7.1 235.8 259.0 226.0 35.0  4.0 14.0   7.1 137.3 65.9 8.5 6.9 16.1 10.7  8.4 1.4 4.9 11.0 8.6 8.6 
January 2005 4.7 7.2 184.5 193.0 165.8 28.0  5.0 19.0 0.4 0.6 7.2 31.8 76.3 8.0 6.9 13.3 8.5  8.6  4.6 10.0 8.3 3.9 
February 2005 4.5 7.1 157.6 497.1 231.0   5.7 24.0   7.1 106.8 81.6 7.5 7.0 14.1 11.5      13.0 13.0 
March 2005 4.2 7.1 173.3 275.0 252.0 44.0  5.0 24.0 0.1  7.0 94.8 71.4 6.3 7.0 10.3 7.1  1.9 0.3 1.1 26.0 18.0 18.0 
April 2005 5.6 7.0 115.5 289.0 247.0   5.0 24.0   7.0 86.1 93.1 8.2 6.9 2.5 4.3 40.5     7.5 7.5 
May 2005  7.2 231.0 202.0 155.0   4.1 22.0   6.9 198.0 99.2 8.2 6.9 9.8 6.2 56.8      5.5 
June 2005         9.5                1.5 
July 2005 3.1 7.1 150.3 275.0 208.8   4.1 20.0   7.0 80.5 69.2 7.2 6.9 3.7 5.9 25.9     1.9 1.3 
August 2005 2.6 6.7 129.7 225.1 172.5   2.8 31.0   6.9 102.1 53.6 7.0 7.0 4.5 9.8 74.2     1.2 0.8 
September 2005 2.6 7.1 246.9 284.0 212.0   2.5 29.0   7.0 140.7 83.0 6.7 7.0 3.8 7.1 5.2     1.0 1.0 
October 2005 5.6 7.0 156.1 327.0 245.0   3.0 16.0   6.8 87.5 75.6 7.7 6.9 3.6 6.1 48.8     1.2 0.3 
November 2005 4.6 7.0 123.2 254.5 201.5   3.8 18.0   7.0 82.2 72.4 7.9 6.8 7.3 6.3       5.3 
December 2005 4.2 7.2 144.9 292.6 245.8   3.9 25.0   7.0 78.4 80.1 8.4 6.8 8.0 80.1      1.0 1.0 
January 2006 5.7 7.0 118.5 201.1 165.9   4.6    7.0 61.9 68.4 8.6 6.9 9.8 6.4        
February 2006 4.9 7.1 121.6 174.8 149.8   4.7 12.0   7.0 105.9 56.0 8.3 6.9 7.5 5.3       5.8 
March 2006 3.4 7.2 178.7 314.2 256.8   4.5    7.1 95.8 83.8 7.6 7.0 12.1 8.3    7.7    
April 2006 3.5 7.3 200.8 333.5 288.6   4.4 24.0   7.1 106.9 109.1 7.2 7.0 10.1 8.5 34.6   16.8   21.0 
May 2006 4.3 7.1 159.9 398.8 278.3   3.9 14.0   7.0 103.7 122.5 8.3 7.0 10.5 9.7 35.4   13.1   8.8 
June 2006 4.0 7.1 129.3 251.6 196.7   3.9 15.0   7.0 92.8 90.5 8.6 7.0 5.9 5.1 3.4   9.0   6.1 
July 2006 3.3 7.1 187.2 370.5 302.9   3.5 24.0   6.9 70.4 65.5 7.3 7.0 4.3 4.5 8.7   5.5   6.6 
August 2006 2.8 7.2 229.2 319.6 258.2   3.2 18.0   7.0 79.9 69.1 6.1 7.1 6.4 5.6 12.1   9.1   17.0 
September 2006 2.9 7.1 204.5 312.4 251.7   2.4 18.0   6.9 113.0 68.6 7.5 7.0 8.2 5.6 4.8   8.4   5.0 
October 2006 3.5 7.1 232.2 294.5 233.9   1.9 35.0   6.8 116.4 72.1 8.4 6.9 10.4 5.0 44.8      1.2 
November 2006 4.5 6.9 162.9 233.7 191.3   4.1 19.0   6.7 75.0 57.4 9.4 6.8 13.3 9.3       4.5 
December 2006 3.6 7.0 192.7 322.3 264.6   13.9 18.0   6.8 111.4 72.2 8.0 6.9 17.6 10.4    10.3   8.8 
Min. Month 2.6 6.7 115.5 147.0 132.0 28.0 9.6 1.9 9.5 0.1 0.6 6.6 31.8 53.6 6.1 6.7 2.5 4.3 3.4 1.9 0.3 0.4 1.9 0.6 0.3 
Seasonal Average  3.4 7.0 201.1 285.8 226.9  64.0 3.7 21.0   6.9 115.3 83.5 7.8 6.9 8.6 7.1 29.1   5.5 25.5 7.4 4.6 
Average Annual  4.0 7.0 182.3 270.4 217.1 35.7 52.3 4.5 20.5 0.2 0.6 6.9 107.7 81.1 8.0 6.9 10.8 10.4 30.4 6.3 0.9 5.3 22.5 9.2 6.6 
 Max. Month 6.2 7.3 248.0 497.1 302.9 44.0 77.9 13.9 35.0 0.4 0.6 7.2 198.0 122.5 9.4 7.2 29.6 80.1 74.2 8.6 1.4 16.8 80.0 20.0 21.0 
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Seasonal and annual averages for minimum and maximum month data are summarized in 
the table. With a current average daily flow of 4 mgd and a permitted capacity of 6.1 mgd, this 
facility is operating at approximately 66% of its permitted capacity.  Based on the average BOD 
concentration of 182 mg/L and TSS concentration of 270 mg/L, this wastewater would be 
considered medium-high strength.  Minimal influent TKN data is available for this plant. 
 
3. Permit Requirements and Current Performance.  The current permit for this 
facility has been in effect since November 14, 2001.  Monthly permit limits that are relevant to 
this study are shown below in Table 8.2-2. 
 
Table 8.2-2 
SELECT MONTHLY PERMIT LIMITS 
 
PARAMETER LIMIT 
BOD5 
     November – May 
     June - October 
 
30 mg/L 
20 mg/L 
TSS 
     November – May 
     June - October 
 
30 mg/L 
20 mg/L 
Ammonia Nitrogen 
     November –May 
     June - October 
 
Report 
3 mg/L 
Total Phosphorus 
     November –May 
     June - October 
Report 
1 mg/L 
 
The above BOD and TSS limits have been met in all months of the data collection period. 
 
4. Nitrogen Removal Performance.  The influent and effluent nitrogen data indicate 
they are nitrifying year-round, although they are not always meeting their ammonia permit.  The 
process is new, so there may still be some adjustment to system operation occurring.  The 
sampling frequency during June to October is once a week.   
 
C. Nitrogen Removal Alternatives.  The existing maximum month loads over the three-year 
data collection period were used to determine the BioWin input data.  The primary effluent data 
which correspond to maximum-month loads is shown in the following Table 8.2-3 for each 
permitting scenario.  The minimum temperature for the permit condition is also shown.  In 
addition, due to a lack of influent nitrogen data, the TN/BOD ratio was estimated to be 0.18. 
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Table 8.2-3 
EXISTING PRIMARY EFFLUENT PARAMETERS 
 
PERMIT CONDITION PARAMETER VALUE 
Flow, mgd 3.6 
BOD, mg/L 171 
TSS, mg/L 129 
TKN, mg/L 34 
Annual Average 
Temperature, F 46 
Flow, mgd 3.8 
BOD, mg/L 133 
TSS, mg/L 100 
TKN, mg/L 35 
Seasonal 
Temperature, F 57 
 
 
The existing plant data was then projected to the permitted capacity of the facility to develop 
model input parameters for the average annual and seasonal model runs.  The resultant data is 
shown in Table 8.2-4. 
 
Table 8.2-4 
MODEL INPUT PARAMETERS AT PERMITTED CAPACITY 
 
PERMIT CONDITION PARAMETER VALUE 
Flow, mgd 5.5 
BOD, mg/L 171 
TSS, mg/L 129 
TN, mg/L 34 
Annual Average 
Temperature, F 46 
Flow, mgd 5.9 
BOD, mg/L 133 
TSS, mg/L 100 
TN, mg/L 35 
Seasonal 
Temperature, F 57 
 
The model input data was used to run uncalibrated simulations to determine planning level, 
order-of-magnitude costs for implementing different levels of nitrogen reduction at the facility.  
A discussion of operational changes or minor modifications that can be made to the facility to 
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improve current nitrogen reduction performance as well as a presentation of the simulation 
results are presented in the following sections.   
 
1. Minor Modifications/Retrofits.  Since the plant is already operating a portion of its 
tank as an anoxic zone in a Ludzack-Ettinger configuration (anoxic followed by aerobic with no 
internal recycle), there are no additional minor modifications that could be made to improve 
nitrogen removal.  
 
The plant should operate at as high an SRT as possible during the winter to maximize 
nitrification.   
 
2. Modifications Required to Meet TN of 8 mg/L.  The modifications to the facility 
that are required to meet an effluent TN of 8 mg/L on a seasonal and annual average basis are as 
follows. 
 
a. Seasonal.  At the assumed influent TN levels for this facility, an MLE process will 
not accomplish a seasonal effluent TN level of 8 mg/L at the facility’s design capacity.  
The MLE process will yield a seasonal effluent TN of 10 mg/L.  However, even at an 
MLSS of 4,000 mg/L, the required tank volume (2.15 MG) would exceed the existing tank 
sizes (1.78 MG), and there is no room for expansion.  Thus, a 4-stage Bardenpho process 
with IFAS and methanol addition to the second anoxic zone is recommended as shown in 
the BioWin model in Figure 8.2-2 below.  
 
 
 
 
 
 
FIGURE 8.2-2:  BIOWIN MODEL FOR SEASONAL TN LIMIT OF 8 mg/L 
 
This process would fit in the existing tanks which would continue to operate in plug flow 
configuration as shown in the site plan in Figure 8.2-3.  The existing tanks would be 
modified with partition walls to form parallel Bardenpho trains and IFAS media would be 
added.  A methanol feed facility would be required.  Additional blower capacity would be 
required due to the IFAS system.  Nitrate recycle pumps would be added.   
Primary Clarifier Effluent Secondary Clarifie
Sludge
Anoxic Anoxic II Aerobic IIIFAS 1
Methanol
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It is also anticipated that no new clarifiers will be required to operate the facility at the 
resultant model MLSS concentration.  A Bardenpho process with methanol addition and 
without IFAS would also work at this facility; however, it would require an additional 
clarifier to handle the higher MLSS concentration required.  Due to the site constraints 
associated with the floodway, this would require one of the existing clarifiers to be 
demolished and stacked clarifiers and an intermediate pump station be installed.  The IFAS 
alternative was selected for the study to reduce the solids loading and eliminate the need for 
additional clarifiers.  It should be noted that the existing clarifiers at this facility are 12 feet 
deep.  According to TR-16, clarifiers at nitrogen removal facilities should be a minimum of 
13 feet deep.  Because the clarifiers do not meet the minimum requirements set forth in the 
in Section 2, it is recommended that they be further evaluated to determine if they will 
require replacement or derating because of the shallow depth.  The current method of 
wasting WAS from the RAS line through use of a control valve would have to be further 
evaluated to make sure the design SRT could be maintained with the IFAS system without 
exceeding the maximum MLSS concentration the existing clarifiers can handle. 
  
Specific information regarding the design results is shown in Table 8.2-5 below. 
 
Table 8.2-5 
RESULTS FOR SEASONAL LIMIT OF 8 mg/L TN 
 
PARAMETER VALUE 
Aerobic SRT N/A 
Total SRT 10.1 days 
First Anoxic Fraction 24% 
Total Anoxic Fraction 40% 
Reaeration HRT 20 minutes 
Total Volume 1.78 MG (existing) 
RAS Rate 50% 
Nitrate Recycle Rate 400% 
Max MLSS at Loading Rate 2,900 mg/L 
Effluent TN 7.0 mg/L 
Methanol Addition Yes; 1000 gpd (6 months) 
Fixed Film Required? Yes; 60% fill 
Clarifiers? No additional clarifiers 
Effluent Filtration Required? No 
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Other plant modifications may be needed including upgrades to sludge handling.  However, 
all facilities outside of the activated sludge process are outside of the scope of this study.   
 
b. Annual Average.  At the assumed influent TN levels for this facility, an MLE 
process will not accomplish an average annual effluent TN level of 8 mg/L.  The MLE 
process will yield a seasonal effluent TN of 10 mg/L.  However, even at an MLSS of 4,000 
mg/L, the required tank volume (2.95 MG) would far exceed the existing tank sizes (1.78 
MG), and there is no room for expansion.  Thus, a four-stage Bardenpho process with IFAS 
in the first aerobic zone is recommended as shown in the BioWin model in Figure 8.2-4 
below.   
 
 
 
 
 
 
FIGURE 8.2-4: 
BIOWIN MODEL FOR ANNUAL AVERAGE TN LIMIT OF 8 mg/L 
 
This process would fit in the existing tanks which would continue to operate in plug flow 
configuration as shown in the site plan in Figure 8.2-3.  The existing tanks would be 
modified with partition walls to form parallel Bardenpho trains and IFAS media would be 
added to the first aerobic zone.  Additional blower capacity would be required due to the 
IFAS system.  Nitrate recycle pumps would be added.   
 
It is also anticipated that no new clarifiers will be required to operate the facility at the 
resultant model MLSS concentration.  It should be noted that the existing clarifiers at this 
facility are 12 feet deep.  According to TR-16, clarifiers at nitrogen removal facilities 
should be a minimum of 13 feet deep.  Because the clarifiers do not meet the minimum 
requirements set forth in Section 2, it is recommended that they be further evaluated to 
determine if they will require replacement or derating because of the shallow depth.  The 
current method of wasting WAS from the RAS line through use of a control valve would 
have to be further evaluated to make sure the design SRT could be maintained with the 
IFAS system without exceeding the maximum MLSS concentration the existing clarifiers 
can handle. 
mary Clarifier Effluent Secondary Clarifie
Sludge
Anoxic Anoxic II Aerobic IIIFAS 1
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Specific information regarding the design results is shown in Table 8.2-6 below. 
 
Table 8.2-6 
RESULTS FOR ANNUAL AVERAGE LIMIT OF 8 mg/L TN 
 
PARAMETER VALUE 
Aerobic SRT N/A 
Total SRT 8.5 days 
First Anoxic Fraction 24% 
Total Anoxic Fraction 40% 
Reaeration HRT 12 minutes 
Total Volume 1.78 MG (existing) 
RAS Rate 50% 
Nitrate Recycle Rate 400% 
Max MLSS at Loading Rate 2,200 mg/L 
Effluent TN 7.1 mg/L 
Methanol Addition No 
Fixed Film Required? Yes; 60% fill 
Clarifiers? No additional required 
Effluent Filtration Required? No 
 
Other plant modifications may be needed including screening and upgrades to sludge 
handling.  However, all facilities outside of the activated sludge process are outside of the 
scope of this study.   
 
3. Modifications Required to Meet a TN of 5 mg/L.  The modifications to the facility 
that are required to meet an effluent TN of 5 mg/L on a seasonal and annual average basis are as 
follows. 
 
a. Seasonal.  At the assumed influent TN levels for this facility, a four-stage Bardenpho 
process with IFAS in the aerobic zone and methanol addition to the second anoxic zone is 
recommended to achieve a seasonal effluent TN of 5 mg/L as shown in the BioWin model 
in the following Figure 8.2-5.    
 
 
 
 
(continued) 
8-12 
 
 
 
 
 
 
 
FIGURE 8.2-5:  BIOWIN MODEL FOR SEASONAL TN LIMIT OF 5 mg/L 
 
This process would fit in the existing tanks which would continue to operate in plug flow 
configuration as shown in the site plan in Figure 8.2-3.  The existing tanks would be 
modified with partition walls to form parallel Bardenpho trains and IFAS media would be 
added.  A methanol feed facility would be required.  Additional blower capacity would be 
required due to the IFAS system.  Nitrate recycle pumps would be added.   
 
It is also anticipated that no new clarifiers will be required to operate the facility at the 
resultant model MLSS concentration.  A Bardenpho process with methanol addition and 
without IFAS would also work at this facility; however, it would require an additional 
clarifier to handle the higher MLSS concentration required.  Due to the site constraints 
associated with the floodway, this would require one of the existing clarifiers to be 
demolished and stacked clarifiers and an intermediate pump station be installed.  The IFAS 
alternative was selected for the study to reduce the solids loading to the clarifiers.  It should 
be noted that the existing clarifiers at this facility are 12 feet deep.  According to TR-16, 
clarifiers at nitrogen removal facilities should be a minimum of 13 feet deep.  Because the 
clarifiers do not meet the minimum requirements set forth in the in Section 2, it is 
recommended that they be further evaluated to determine if they will require replacement 
or derating because of the shallow depth.  The current method of wasting WAS from the 
RAS line through use of a control valve would have to be further evaluated to make sure 
the design SRT could be maintained with the IFAS system without exceeding the 
maximum MLSS concentration the existing clarifiers can handle. 
  
 
 
 
(continued) 
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Specific information regarding the design results is shown in Table 8.2-7 below. 
 
Table 8.2-7 
RESULTS FOR SEASONAL LIMIT OF 5 mg/L TN 
 
PARAMETER VALUE 
Aerobic SRT N/A 
Total SRT 9.2 days 
First Anoxic Fraction 24% 
Total Anoxic Fraction 41% 
Reaeration HRT 20 minutes 
Total Volume 1.78 MG (existing) 
RAS Rate 50% 
Nitrate Recycle Rate 400% 
Max MLSS at Loading Rate 2,800 mg/L 
Effluent TN 4.9 mg/L 
Methanol Addition Yes; 1100 gpd (6 months) 
Fixed Film Required? Yes; 60% fill 
Clarifiers? No new clarifiers 
Effluent Filtration Required? No 
 
Other plant modifications may be needed including upgrades to sludge handling.  However, 
all facilities outside of the activated sludge process are outside of the scope of this study.   
 
b. Annual Average.  At the assumed influent TN levels for this facility, a 4-stage 
Bardenpho process with IFAS and methanol addition to the second anoxic zone is 
recommended to achieve an average annual effluent TN of 5 mg/L as shown in the BioWin 
model in Figure 8.2-6. 
 
 
 
 
 
 
 
 
FIGURE 8.2-6: BIOWIN MODEL FOR ANNUAL AVERAGE TN LIMIT OF 5 mg/L 
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This process would fit in the existing tanks which would continue to operate in plug flow 
configuration as shown in the site plan in Figure 8.2-3.  The existing tanks would be 
modified with partition walls form parallel Bardenpho trains and IFAS media would be 
added to the first aerobic zone.  A methanol feed facility would be required.  Additional 
blower capacity would be required due to the IFAS system.  Nitrate recycle pumps would 
be added.  
 
It is also anticipated that no new clarifiers will be required to operate the facility at the 
resultant model MLSS concentration.  It should be noted that the existing clarifiers at this 
facility are 12 feet deep.  According to TR-16, clarifiers at nitrogen removal facilities 
should be a minimum of 13 feet deep.  Because the clarifiers do not meet the minimum 
requirements set forth in Section 2, it is recommended that they be further evaluated to 
determine if they will require replacement or derating because of the shallow depth.  The 
current method of wasting WAS from the RAS line through use of a control valve would 
have to be further evaluated to make sure the design SRT could be maintained with the 
IFAS system without exceeding the maximum MLSS concentration the existing clarifiers 
can handle. 
  
Specific information regarding the design results is shown in Table 8.2-8 below. 
 
Table 8.2-8 
RESULTS FOR ANNUAL AVERAGE LIMIT OF 5 mg/L TN 
 
PARAMETER VALUE 
Aerobic SRT N/A 
Total SRT 10.3 days 
First Anoxic Fraction 24% 
Total Anoxic Fraction 40% 
Reaeration HRT 20 minutes 
Total Volume 1.78 MG (existing) 
RAS Rate 50% 
Nitrate Recycle Rate 400% 
Max MLSS at Loading Rate 3,000 mg/L 
Effluent TN 4.4 mg/L 
Methanol Addition Yes; 350 gpd 
Fixed Film Required? Yes; 60% fill 
Clarifiers? No additional clarifiers 
Effluent Filtration Required? No 
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Other plant modifications may be needed including screening and upgrades to sludge 
handling.  However, all facilities outside of the activated sludge process are outside of the 
scope of this study.   
 
D. Plant and Cost Summary. 
 
Table 8.2-9 presents flow data for the Westfield WWTP as well as the current nitrogen removal 
performance of the plant.  As shown, the facility is achieving nitrogen removal to almost 5 mg/L 
both seasonally and year-round with their current Ludzack-Ettinger process.   
 
Table 8.2-9 
PLANT FLOW AND EFFLUENT LIMIT SUMMARY 
 
PARAMETER VALUE 
Permitted Flow (mgd) 6.1 
Existing Flow (2004-6) 4.0 
% of permitted capacity 65.6 
Current average seasonal effluent TN (mg/L)1 7.4 
Current average annual effluent TN (mg/L) 1 9.2 
Permit Limits 
     Seasonal Nitrification (mg/L) 
     Year-round  nitrification (mg/L) 
     Seasonal TN Limit 
     Annual TN Limit 
 
Yes (3) 
Report 
No 
No 
 
Table 8.2-10 presents the nitrogen removal processes required to meet the four different permit 
conditions considered.  Based on the BioWin modeling performed, the facility will need to 
convert to a Bardenpho process with IFAS and methanol addition to consistently meet both TN 
limits both seasonally and year-round.  The BioWin models were run at permitted capacity in the 
existing tank volume which is the reason a change in process mode is required.  It also should be 
noted that an assumed ammonia to BOD ratio was used since no influent nitrogen data was 
available.   
 
 
 
 
(continued) 
8-16 
 
TABLE 8.2-10 
NITROGEN REMOVAL PROCESS SUMMARY FOR WESTFIELD WWTF 
 
EXISTING 
PROCESS  
PROCESS TO 
ACHIEVE 
SEASONAL  
TN OF 8 MG/L 
PROCESS TO 
ACHIEVE ANNUAL 
AVERAGE  
TN OF 8 MG/L 
PROCESS TO 
ACHIEVE 
SEASONAL  
 TN OF 5 MG/L 
PROCESS TO 
ACHIEVE ANNUAL 
AVERAGE  
TN OF 5 MG/L 
Ludzack-
Ettinger 
Bardenpho w/ 
IFAS and 
methanol 
addition 
Bardenpho w/ 
IFAS  
Bardenpho w/ 
IFAS and 
methanol 
addition 
Bardenpho w/ 
IFAS and 
methanol 
addition 
 
The modifications required at Westfield to convert to a new nitrogen removal process are 
summarized in Table 8.2-11.  As noted, no minor modifications can be made to the treatment 
facility to improve nitrogen removal since they currently operate in a Ludzack-Ettinger mode 
and achieve removal in this configuration. 
 
TABLE 8.2-11 
REQUIRED MODIFICATIONS SUMMARY FOR WESTFIELD WWTF 
 
MINOR 
MODIFICATIONS/ 
RETROFITS 
MODIFICATIONS 
TO ACHIEVE 
SEASONAL  
TN OF 8 MG/L 
MODIFICATIONS 
TO ACHIEVE 
ANNUAL 
AVERAGE 
TN OF 8 MG/L 
MODIFICATIONS 
TO ACHIEVE 
SEASONAL  
TN OF 5 MG/L 
MODIFICATIONS TO 
ACHIEVE ANNUAL 
AVERAGE  
TN OF 5 MG/L 
SPECIAL 
CONDITIONS 
None 
Modify existing 3 
aeration tanks; 
add IFAS system; 
increase blower 
capacity; nitrate 
recycle pumps; 
methanol feed 
facility 
Modify existing 
3 aeration tanks; 
add IFAS 
system; increase 
blower capacity; 
nitrate recycle 
pumps 
Modify existing 3 
aeration tanks; 
add IFAS system; 
increase blower 
capacity; nitrate 
recycle pumps; 
methanol feed 
facility 
Modify existing 3 
aeration tanks; add 
IFAS system; 
increase blower 
capacity; nitrate 
recycle pumps; 
methanol feed 
facility 
Located in 
floodway; 
extremely 
space-limited 
site 
 
The cost estimating procedures established in Section 2 were used to estimate capital, annual 
O&M, and 20-year present worth costs associated with the process changes and facility 
modifications summarized above.  The cost estimates are included in Table 8.2-12.  The cost to 
meet the seasonal permit is slightly less than the cost to meet the annual permit because the 
TKN/BOD ratio for the seasonal condition is significantly higher.  This higher ratio equates to a 
greater methanol requirement for the seasonal condition than the annual condition.  The table 
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does not include costs for an MLE configuration since no additional volume could be added for 
either permit condition.  An MLE process would require similar modifications as a Bardenpho 
process, and the cost differential cannot be determined for this level of study. 
 
Table 8.2-12 
COST SUMMARY FOR NITROGEN REMOVAL AT WESTFIELD WWTF1 
 
LIMIT CAPITAL COSTS (IN MILLIONS) 
TOTAL ANNUAL 
COSTS2 
(IN THOUSANDS) 
20-YR PRESENT 
WORTH 
(IN MILLIONS) 
Minor Modifications/Retrofits N/A N/A N/A 
Seasonal Effluent TN of 8 mg/L $17 $650 $25 
Annual Average Effluent TN of 8 mg/L $16 $380 $21 
Seasonal Effluent TN of 5 mg/L $17 $670 $25 
Annual Average Effluent TN of 5 mg/L $17 $600 $24 
1. It should be noted that these costs represent one method by which this facility can achieve the stated TN 
goals.  It is not intended to be the most cost effective method nor the recommended method, but it 
represents a planning tool for MassDEP to estimate the fiscal impacts of establishing total nitrogen limits.    
2. Represents incremental increase over current conditions. 
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ENGINEERING FEASIBILITY AND COST 
ANALYSES OF NITROGEN REDUCTION FROM 
SELECTED POTWS IN MASSACHUSETTS 
 
 
 
 
SECTION 9 – TEN MILE RIVER WATERSHED 
 
 
9.1 INTRODUCTION 
 
The Ten Mile River begins in the towns of Plainville and 
Foxboro at the confluence of the Seven Mile River and the 
Bungay River.  It flows southward through Rhode Island to 
Narragansett Bay.  This study includes two publicly owned 
treatment works (POTWs) that discharge directly to the Ten 
Mile River.  Figure 9.1-1 shows the Ten Mile River watershed 
and the table below lists the two facilities and their respective 
sizes.  The impact of nitrogen removal at each of these 
facilities is presented in this section. 
 
 
 
Table 9.1-1 
TEN MILE RIVER POTWs 
 
NAME OF FACILITY RATED CAPACITY 
Attleboro 8.6 mgd 
North Attleborough 4.6 mgd 
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9.2 NORTH ATTLEBOROUGH 
 
A. Introduction.  The North Attleborough Wastewater Treatment Facility (WWTF) is located 
on Cedar Road in North Attleborough, Massachusetts.  It has a permitted annual average 
capacity of 4.61 mgd and serves the towns of 
North Attleborough and Plainville.     
 
The first treatment facility was constructed in 
1909 and upgraded in 1948 and 1959.  The 
current secondary treatment facility was 
completed in 1980. 
 
B. Existing Facilities.   
 
1. Description of Existing Facilities.  Flow enters the WWTF headworks facility via an 
inverted siphon and a single force main after which it passes through a 1-1/2”mechanical bar 
rack and aerated grit chamber and a screenings grinder.   After the screenings grinder, the facility 
has a flash mixing and flocculation tank.  Alum is added to the flash mixing tank in the summer.  
Caustic soda is added for supplementing alkalinity. 
 
After primary clarification, the flow is pumped 
to the first stage aeration tanks and clarifiers.  It 
is then pumped to the second stage aeration 
tanks and clarifiers.  The first stage may be 
bypassed.   
 
The first stage system consists of four 30 ft by 
30 ft aerations tanks with a 12 ft sidewater depth 
followed by two 80 foot diameter clarifiers with 
a 12 ft sidewater depth.  All aeration tanks have 
mechanical aerators. 
 
The second stage system consists of eight 40 ft by 40 ft aeration tanks with a 12 ft sidewater 
depth followed by three 80 ft diameter clarifiers with a 12 ft sidewater depth.  All aeration tanks 
have mechanical aerators. 
Aerial photo from google.com 
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Secondary effluent flows through rapid sand filters, followed by chlorine disinfection and final 
post aeration before being discharged to the Ten Mile River.  Sludge is thickened in a rotary 
drum thickener prior to being hauled offsite.  A process flow schematic is shown in Figure 9.2-1. 
 
All plant recycle flows are returned to an onsite pumping station and then combined with plant 
influent.  Septage is introduced to the wastewater stream prior to preliminary treatment.  The 
influent sampler at this facility is located upstream of the grit removal facilities and thus all plant 
flows including internal recycle flows are part of the influent loads.  The last composite sampler 
is located after disinfection.  
 
The first stage is not used.  In the second stage, one of the aeration tanks is used to store RAS 
while a second is used as an anaerobic zone for biological phosphorus removal.  The plant does 
not try to suppress nitrification at any time of the year.  Full nitrification has been maintained 
since early 2004.  The aerators are all on VFDs and can be decreased in speed to achieve some 
denitrification. 
 
There are eleven employees at the wastewater treatment facility and three for the collection 
system.  In addition, there is one employee who handles the pretreatment programs.  
 
Design flows and loads for the most recent upgrade are shown below in Table 9.2-1. 
WAS  
Rapid Sand 
Filters 
Alum 
Primary 
Sludge 
First Stage 
Aeration 
and 
Clarifiers 
Pump 
Station RAS Second 
Stage 
Aeration 
and 
Clarifiers 
RAS Preliminary 
Treatment – 
Screening, Grit 
Removal, 
Flocculation 
Chlorine 
Contact Tank 
and Post 
Aeration 
FIGURE 9.2-1: 
PROCESS FLOW SCHEMATIC – EXISTING FACILITY 
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Table 9.2-1 
DESIGN FLOWS AND LOADS 
 
PARAMETER VALUE 
Average Monthly (design flow) 4.6 mgd 
BOD 183 mg/L 
TSS 228 mg/L 
TN 18.5 mg/L 
 
2. Summary of Plant Data.  Data from January 2004 through December 2006 was 
provided by the Town for this study.  Seasonal and annual average maximum month data are 
summarized in Table 9.2-.2  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(continued) 
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Table 9.2-2 
NORTH ATTLEBOROUGH WWTF 
North Attleborough, Massachusetts 
Monthly Averages 2004-2006 
 
GENERAL INFLUENT EFFLUENT 
DATE INF pH BOD TSS TN NH3 Temp DO pH BOD TSS F. COLI NH3 TN 
Month Year MGD  mg/L mg/L mg/L mg/L Deg C mg/L  mg/L mg/L # / 100ml mg/L mg/L 
January 2004 4.406516 7.06 101 118 17.6 14.4 11.2 7.0 6.92 10.75 5.06 8 5.75 9.6 
February 2004 3.514828 7.04 125 154 29.2 15.7 10.3 7.1 6.94 9.09 2.87 10 7.69 15.7 
March 2004 3.467968 7.13 111 145 25.5 14.5 10.7 7.1 7.02 8.23 2.37 0 8.40 18.50 
April 2004 6.5454 6.70 57 102 14.1 7.4 11.1 7.7 6.74 15.59 19 410.0 1.03 6.30 
May 2004 4.187645 6.88 83 136 14.8 10.7 13.9 7.8 6.83 9.08 10.96 2.4 0.35 5.90 
June 2004 3.1083 7.06 128 187 21.0 13.0 16.2 7.6 6.75 4.90 5.77 0.9 0.20 9.40 
July 2004 2.797419 7.10 120 189 21.3 14.7 18.3 7.4 6.89 3.25 3.08 0.4 0.09 9.60 
August 2004 3.045129 7.04 115 167 24.5 13.7 19.0 7.1 6.94 3.80 3.03 1.3 0.02 10.10 
September 2004 3.091067 7.10 103 162 24.1 14.3 19.0 7.3 6.94 3.55 3.28 6.4 0.01 9.90 
October 2004 3.122548 7.19 131 169 19.6 16.1 17.9 7.7 6.90 2.49 1.74 1.2 0.03 8.40 
November 2004 3.109233 7.16 144 189 22.6 14.0 15.7 7.9 6.82 2.94 2.25 2.2 0.25 7.50 
December 2004 4.691871 6.88 101 138 22.0 10.5 13.6 8.5 6.70 4.25 2.85 13.8 0.41 2.10 
January 2005 5.539323 6.75 87 121 16.6 9.1 11.3 9.0 6.65 3.47 2.76 18.9 0.22 3.30 
February 2005 4.864107 6.81 94 121 26.2 10.6 10.7 9.1 6.64 4.65 4.11 115.8 0.23 7.50 
March 2005 5.224968 6.82 78 116 15.2 10.3 10.1 8.6 6.67 10.55 11.51 19.7 0.50 6.90 
April 2005 5.4946 6.71 87 94 8.2 8.8 11.4 8.0 6.65 5.69 4.43 6.8 0.25 5.70 
May 2005 4.359871 6.83 100 135 18.9 8.3 13.3 7.9 6.64 4.08 2.59 10.4 0.07 6.10 
June 2005 3.229467 6.96 118 156 21.6 11.7 15.8 7.3 6.75 3.47 1.84 1.1 0.21 7.80 
July 2005 2.724516 7.06 137 172 20.3 14.6 17.8 6.9 6.88 3.88 2.18 0.8 0.12 9.8 
August 2005 2.590419 7.13 167 199 29.5 16.3 19.1 7.1 6.95 2.19 0.85 2.5 0.01 6.1 
September 2005 2.889 7.09 152 206 24.6 16.3 19.8 7.4 6.85 1.97 1.23 1.4 0.03 6.9 
October 2005 5.922 6.94 103 130 36.2 10.5 17.8 8.2 6.87 4.30 5.61 169.3 0.16 6.8 
November 2005 5.138 6.81 112 135 10.1 9.8 15.7 8.5 6.87 2.04 0.87 1.5 0.05 7.8 
December 2005 5.100 6.86 103 136 17.8 11.2 12.7 8.3 6.84 5.57 3.66 6.5 0.22 5.3 
January 2006 6.071 6.69 82 108 13.8 8.9 11.8 7.5 6.72 4.66 2.66 76.2 0.31 6.90 
February 2006 5.234 6.82 109 122 16.0 9.5 11.0 7.9 6.75 6.48 3.19 10.3 0.32 4.70 
March 2006 3.163 7.05 172 199 25.9 16.6 11.0 7.9 6.75 12.10 5.98 23.5 2.17 9.20 
April 2006 2.935 7.11 199 234 47.9 17.1 12.4 7.9 6.85 8.90 6.63 37.6 0.99 4.30 
May 2006 4.938 6.92 119 142 31.6 11.1 13.5 8.1 6.84 3.53 2.70 0.9 0.25 12.40 
June 2006 6.894 6.71 68 95 13.9 7.5 15.1 7.5 6.81 10.14 17.09 33.7 0.33 4.10 
July 2006 3.932 6.98 116 170 20.8 12.8 17.7 7.5 6.82 2.36 0.56 0.2 0.22 5.1 
August 2006 3.018 7.12 154 189 37.1 15.5 19.5 6.9 6.87 1.27 0.04 2.1 0.01 9.2 
September 2006 3.126 7.14 169 206 29.6 16.0 19.0 7.6 6.79 1.42 0.91 6.0 0.14 10.0 
October 2006 3.548 7.11 143 172 20.0 16.0 18.0 8.2 6.80 0.96 0.33 8.8 0.05 1.4 
November 2006 6.070 6.82 99 119 26.0 10.1 15.7 7.8 6.81 1.18 0.43 0.5 0.13 8.9 
December 2006 4.019 6.96 151 142 20.7 13.6 14.1 8.0 6.83 1.59 0.13 0.5 1.39 6.6 
Min. Month 2.59 6.69 57 94 8.2 7.4 10.09 6.91 6.64 0.96 0.04 0.00 0.01 1.40 
Seasonal Average 3.70 7.02 124 166 23.9 13.3 17.25 7.53 6.84 3.70 3.54 13.88 0.13 7.72 
Average 4.20 6.96 118 152 22.4 12.5 14.75 7.76 6.81 5.12 4.03 28.09 0.91 7.66 
 Max. Month 6.89 7.19 199 234 47.9 17.1 19.76 9.09 7.02 15.59 19.49 410.00 8.40 18.50 
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With a current average annual flow of 4.2 mgd and a permitted capacity of 4.61 mgd, this facility 
is operating at over 90% of its permitted capacity. 
 
Based on the average BOD concentration of 118 mg/L and TN concentration of 22 mg/L, this 
wastewater would be considered weak.  The TN/BOD ratio is approximately 0.19 which is fairly 
typical (a typical TN/BOD ratio is 0.18). 
 
3. Permit Requirements and Current Performance.  Monthly permit limits from the 
proposed permit that are relevant to this study are shown below in Table 9.2-3. 
 
Table 9.2-3 
SELECT MONTHLY PERMIT LIMITS 
 
PARAMETER LIMIT 
BOD5 
     May – October 
     November – April 
 
5 mg/L 
15 mg/L 
TSS 
     May – October 
     November – April 
 
7 mg/L 
15 mg/L 
Ammonia-Nitrogen 
     May 
     June – October 
     November 
     December – April 
 
3 mg/L 
1 mg/L 
7 mg/L 
10 mg/L 
Total Nitrogen 
     May – October 
     November – April 
 
8 mg/L 
Report 
 
4. Nitrogen Removal Performance.  As can be seen in Table 9.2-2, the facility has 
reduced effluent ammonia to less than 1 mg/L for many of the months in the past three years.  
Although the average effluent TN has been less than 8 mg/L for the study period, some monthly 
TN levels between May and October have exceeded 10 mg/L. 
 
C. Nitrogen Removal Alternatives.  The existing maximum month loads over the three-year 
data collection period were used to determine the BioWin input data.  The influent data which 
correspond to maximum-month loads is shown in Table 9.2-4 below for each permitting 
scenario.  The minimum temperature for the permit condition is also shown.  It should be noted 
that although the flow, BOD and TSS values in the table below were taken directly from the 
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plant data in Table 9.2-2, the TN data was taken indirectly.  Influent TN data is sampled only 
once per month and because the single sample may not be representative of the entire month, all 
data for the three years was used to develop a TN/BOD ratio that was applied to determine the 
TN concentration in the max month. 
 
Table 9.2-4 
EXISTING INFLUENT PARAMETERS 
 
PERMIT CONDITION PARAMETER VALUE 
Flow, mgd 5.92 
BOD, mg/L 103 
TSS, mg/L 133 
TN, mg/L 19.5 
Annual Average 
Temperature, F 50 
Flow, mgd 5.92 
BOD, mg/L 103 
TSS, mg/L 133 
TN, mg/L 19.5 
Seasonal  
Temperature, F 56 
 
The existing plant data was then projected to the permitted capacity of the facility to develop 
model input parameters for the average annual and seasonal model runs.  This projected data is 
shown in Table 9.2-5 below. 
 
Table 9.2-5 
MODEL INPUT PARAMETERS AT PERMITTED CAPACITY 
 
PERMIT CONDITION PARAMETER VALUE 
Flow, mgd 6.50 
BOD, mg/L 103 
TSS, mg/L 133 
TN, mg/L 19.5 
Annual Average 
Temperature, F 50 
Flow, mgd 6.50 
BOD, mg/L 103 
TSS, mg/L 133 
TN, mg/L 19.5 
Seasonal 
Temperature, F 56 
 
The model input data was used to run uncalibrated simulations to determine planning level, 
order-of-magnitude costs for implementing different levels of nitrogen reduction at the facility.  
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A discussion of operational changes or minor modifications that can be made to the facility to 
improve current nitrogen reduction performance as well as a presentation of the simulation 
results are presented in the following sections.   
 
The existing second stage consists of 8 aeration tanks.  For all of the alternatives outlined below, 
it is assumed that the eight existing tanks would be converted into two plug flow reactors, each 
consisting of four of the existing tanks.   
 
It should also be noted that there is a possibility that the first stage tanks could be used to fulfill 
some of the needs for future capacity, but because the first and second stages are at different 
elevations, use of the first stage system would require an upgrade to the pump station that 
conveys flow to the second stage such that it could handle the significant increase in flow from 
the nitrate recycle.  However, this additional, constant pumping may not be desirable. 
 
1. Minor Modifications/Retrofits.  The plant currently is achieving some nitrogen 
removal.   
 
2. Modifications Required to Meet TN of 8 mg/L.  The modifications to the facility 
that are required to meet an effluent TN of 8 mg/L on a seasonal and annual average basis are as 
follows. 
 
a. Seasonal.  At the influent TN levels for this facility, an MLE process will 
accomplish a seasonal effluent TN level of 8 mg/L.  The BioWin model for this 
process is shown below in Figure 9.2-2.  
 
Influent Effluent
Thickener
Sludge to Disposal
Aeration 1 Aeration 2
Thickening Filtrate
Pre-anoxic
FIGURE 9.2-2 - NITROGEN REMOVAL PROCESS - SEASONAL LIMIT OF 8 mg/L 
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This process would require slightly more than 50% additional volume over the 
current second stage aeration tank capacity.  Thus, in addition to the two converted 
plug flow reactors (consisting of the eight existing tanks), two additional reactors 
would be required.  The new reactors would be the same size as the two existing 
converted plug flow reactors.   
 
Although the existing secondary clarifiers appear to be adequately sized to handle the 
future flow and loading conditions, it should be noted that the clarifiers at this facility 
are twelve feet deep.  According to TR-16, clarifiers at nitrogen removal facilities 
should be a minimum of 13 feet deep.  Because the clarifiers meet the minimum 
requirements set forth in Section 2, they will have to be further evaluated to consider 
if they will require replacement or derating because of the shallow depth 
 
As shown in the site plan in Figure 9.2-3, the site appears to have enough space for 
the additional aeration tanks.  Specific information regarding the results of this 
analysis is shown in Table 9.2-6 below. 
 
Table 9.2-6 
RESULTS FOR SEASONAL LIMIT OF 8 mg/L TN 
 
PARAMETER VALUE 
Aerobic SRT 8 days 
Total SRT 14 days 
First Anoxic Fraction 42% 
Total Anoxic Fraction 42% 
Reaeration HRT n/a 
RAS Rate 100% 
Total Volume 2.3 MG 
Nitrate Recycle Rate 300% 
Max MLSS at loading rate 3300 mg/L 
Effluent TN 8 mg/L 
Methanol Addition No 
Fixed Film Required? No 
Clarifiers? Reuse existing second stage clarifiers 
Effluent Filtration Required? Existing, no additional 
 
The proposed location for the new aeration tanks will either be at or across the fence 
line.  This is not the property line and thus it is assumed that new tanks can be 
constructed here.   
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Other plant modifications may be needed including upgrades to sludge handling to 
accommodate the higher sludge production.  However, all facilities outside of the 
activated sludge process are outside of the scope of this study.   
 
b. Annual Average.  At the influent TN levels for this facility, an MLE process 
will accomplish an annual average effluent TN level of 8 mg/L.  The BioWin model 
for this process is shown in Figure 9.2-4 below. 
This process would require slightly more than 75% more volume than is currently 
available in the second stage aeration tanks.  In addition to the two converted plug 
flow reactors (consisting of the eight existing aeration tanks), two additional reactors 
would be required.  The new reactors would be the same size as the two existing 
converted plug flow reactors.   
 
Although the existing clarifiers appear to be adequately sized to handle the future 
flow and loading conditions, it should be noted that the clarifiers at this facility are 
twelve feet deep.  According to TR-16, clarifiers at nitrogen removal facilities should 
be a minimum of 13 feet deep.  Because the clarifiers meet the minimum 
requirements set forth in Section 2, they will have to be further evaluated to consider 
if they will require replacement or derating because of the shallow depth.   
 
As shown in the site plan in Figure 9.2-3, the site appears to have enough space for 
the additional aeration tanks.  Specific information regarding the results of this 
analysis is shown in Table 9.2-7 below. 
Influent Effluent
Thickener
Sludge to Disposal
Aeration 1 Aeration 2
Thickening Filtrate
Pre-anoxic
FIGURE 9.2-4:  NITROGEN REMOVAL PROCESSES – ANNUAL 
AVERAGE LIMIT OF 8 mg/L 
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Table 9.2-7 
RESULTS FOR ANNUAL AVERAGE LIMIT OF 8 mg/L TN 
 
PARAMETER VALUE 
Aerobic SRT 8.8 days 
Total SRT 14 days 
First Anoxic Fraction 38% 
Total Anoxic Fraction 38% 
Reaeration HRT n/a 
RAS Rate 100% 
Total Volume 2.3 MG 
Nitrate Recycle Rate 300% 
Max MLSS at loading rate 3300 mg/L 
Effluent TN 8 mg/L 
Methanol Addition No 
Fixed Film Required? No 
Clarifiers? Reuse existing second stage clarifiers 
Effluent Filtration Required? Existing, no additional 
 
The proposed location for the new aeration tanks will either be at or across the fence 
line.  This is not the property line and thus it is assumed that new tanks can be 
constructed here. 
 
Other plant modifications may be needed including upgrades to sludge handling to 
accommodate the higher sludge production.  However, all facilities outside of the 
activated sludge process are outside of the scope of this study.   
 
3. Modifications Required to Meet a TN of 5 mg/L.  The modifications to the facility 
that are required to meet an effluent TN of 5 mg/L on a seasonal and annual average basis are as 
follows. 
 
a. Seasonal.  At the influent TN levels for this facility, a Bardenpho configuration with 
methanol addition will accomplish a seasonal effluent TN level of 5 mg/L.  The BioWin 
model for this process is shown below in Figure 9.2-5 below.   
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This process requires slightly more than 2-1/2 more reactors.  Thus, in addition to the two 
converted plug flow reactors (consisting of the eight existing aeration tanks), three 
additional reactors would be required.  The new reactors would be the same size as the two 
existing converted plug flow reactors.   
 
Although the existing clarifiers appear to be adequately sized to handle the future flow and 
loading conditions, it should be noted that the clarifiers at this facility are twelve feet deep.  
According to TR-16, clarifiers at nitrogen removal facilities should be a minimum of 13 
feet deep.  Because the clarifiers meet the minimum requirements set forth in Section 2, 
they will have to be further evaluated to consider if they will require replacement or 
derating because of the shallow depth.   
 
As shown in the site plan in Figure 9.2-6, the site appears to have enough space for the 
additional aeration tanks.  Specific information regarding the results of this analysis is 
shown in the following Table 9.2-8. 
 
 
 
 
 
 
 
(continued) 
Influent Effluent 
Thickener
Sludge to Disposal
Aeration 1 Aeration 2
Thickening Filtrate
Pre-anoxic Post Anoxic Reaeration
Methanol
FIGURE 9.2-5:   
NITROGEN REMOVAL PROCESSES – SEASONAL LIMIT OF 5 mg/L 

9-13 
Table 9.2-8 
RESULTS FOR SEASONAL LIMIT OF 5 mg/L TN 
 
PARAMETER VALUE 
Aerobic SRT 10 days 
Total SRT 20 days 
First Anoxic Fraction 30% 
Total Anoxic Fraction 50% 
Reaeration HRT 1 hr 
RAS Rate 100% 
Total Volume 2.9 MG 
Nitrate Recycle Rate 300% 
Max MLSS at loading rate 3700 mg/L 
Effluent TN 5 mg/L 
Methanol Addition Yes 
Fixed Film Required? No 
Clarifiers? Reuse existing second stage clarifiers 
Effluent Filtration Required? Existing, no additional 
 
The proposed location for the new aeration tanks will either be at or across the fence line.  
This is not the property line and thus it is assumed that new tanks can be constructed here. 
 
Other plant modifications may be needed including upgrades to sludge handling to 
accommodate the higher sludge production.  However, all facilities outside of the activated 
sludge process are outside of the scope of this study.   
 
b. Annual Average.  At the influent TN levels for this facility, a Bardenpho 
configuration with methanol addition will accomplish a seasonal effluent TN level of 5 
mg/L.  The BioWin model for this process is shown below in Figure 9.2-7. 
 
 
 
 
 
 
 
(continued) 
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This process would require approximately five reactors.  In addition to the two converted 
plug flow reactors (consisting of eight existing aeration tanks), three additional reactors 
would be required.  The new reactors would be the same size as the two existing converted 
plug flow reactors.   
 
Although the existing clarifiers appear to be adequately sized to handle the future flow and 
loading conditions, it should be noted that the clarifiers at this facility are twelve feet deep.  
According to TR-16, clarifiers at nitrogen removal facilities should be a minimum of 13 
feet deep.  Because the clarifiers meet the minimum requirements set forth in Section 2, 
they will have to be further evaluated to consider if they will require replacement or 
derating because of the shallow depth.   
 
As shown in the site plan in Figure 9.2-6, the site appears to have enough space for the 
additional aeration tanks.  Specific information regarding the results of this analysis is 
shown in the following Table 9.2-9. 
 
 
 
 
 
(continued) 
Influent Effluent
Thickener
Sludge to Disposal
Aeration 1 Aeration 2
Thickening Filtrate
Pre-anoxic Post Anoxic Reaeration
Methanol
FIGURE 9.2-7:   
NITROGEN REMOVAL PROCESSES – ANNUAL AVERAGE LIMIT OF 5 mg/L 
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Table 9.2-9 
RESULTS FOR ANNUAL AVERAGE LIMIT OF 5 mg/L TN 
 
PARAMETER VALUE 
Aerobic SRT 11 days 
Total SRT 20 days 
First Anoxic Fraction 27% 
Total Anoxic Fraction 45% 
Reaeration HRT 0.25 hr 
RAS Rate 100% 
Total Volume 2.9 MG 
Nitrate Recycle Rate 300% 
Max MLSS at loading rate 3800 mg/L 
Effluent TN 5 mg/L 
Methanol Addition Yes 
Fixed Film Required? No 
Clarifiers? Reuse existing second stage clarifiers 
Effluent Filtration Required? Existing, no additional 
 
The proposed location for the new aeration tanks will either be at or across the fence line.  
This is not the property line and thus it is assumed that new tanks can be constructed here. 
 
Other plant modifications may be needed including upgrades to sludge handling to 
accommodate the higher sludge production.  However, all facilities outside of the activated 
sludge process are outside of the scope of this study.   
 
D. Plant and Cost Summary. 
 
Table 9.2-10 presents flow data for the North Attleborough WWTF as well as the current 
nitrogen removal performance of the plant.   
 
 
 
 
 
 
 
 
(continued) 
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Table 9.2-10 
PLANT FLOW AND EFFLUENT LIMIT SUMMARY 
 
PARAMETER VALUE 
Permitted Flow (mgd) 4.61 
Existing Flow (2004-6) 4.2 
% of existing capacity 91 
Current average seasonal effluent TN (mg/L) 7.7 
Current average annual effluent TN (mg/L)  7.7 
Permit Limits 
     Seasonal Nitrification (mg/L) 
     Year-round  nitrification (mg/L) 
     Seasonal TN Limit 
     Annual TN Limit 
 
Yes (1-3) 
Yes (7-10) 
Yes (8) 
Report 
 
Table 9.2-11 presents the nitrogen removal processes identified in this section to achieve the four 
different permit conditions considered.  Based on the loading conditions established for this 
facility and the subsequent BioWin modeling performed using this data, the facility 
improvements include adding additional aeration tanks.  The requirement for additional tanks for 
all permit conditions even though the facility is currently averaging a TN of 8 mg/L is due to 
modeling under maximum month loading conditions at permitted capacity.   
 
Table 9.2-11 
NITROGEN REMOVAL PROCESS SUMMARY FOR 
NORTH ATTLEBOROUGH WWTF  
 
MINOR/ 
MODIFICATIONS OR 
RETROFITS 
PROCESS TO ACHIEVE 
SEASONAL  
TN OF 8 MG/L 
PROCESS TO ACHIEVE 
ANNUAL AVERAGE  
TN OF 8 MG/L 
PROCESS TO 
ACHIEVE SEASONAL  
 TN OF 5 MG/L 
PROCESS TO ACHIEVE 
ANNUAL AVERAGE  
TN OF   5 MG/L 
Currently 
achieving nitrogen 
removal 
MLE  MLE Bardenpho with methanol addition 
Bardenpho with 
methanol addition 
 
The modifications required at North Attleborough to convert to a new nitrogen removal process 
are summarized in Table 9.2-12.   
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Table 9.2-12 
REQUIRED MODIFICATIONS SUMMARY FOR NORTH ATTLEBOROUGH WWTF 
 
MODIFICATIONS TO 
ACHIEVE SEASONAL  
TN OF 8 MG/L 
MODIFICATIONS TO 
ACHIEVE ANNUAL 
AVERAGE 
TN OF 8 MG/L 
MODIFICATIONS TO 
ACHIEVE SEASONAL  
TN OF 5 MG/L 
MODIFICATIONS TO 
ACHIEVE ANNUAL 
AVERAGE  
TN OF 5 MG/L 
SPECIAL 
CONDITIONS 
2 new reactors (each 
equal to four existing 
square tanks) 
2 new reactors (each 
equal to four existing 
square tanks) 
3 new reactors (each 
equal to four existing 
square tanks) 
3 new reactors (each 
equal to four existing 
square tanks) 
None 
 
The cost estimating procedures established in Section 2 were used to estimate capital, annual 
O&M, and 20-year present worth costs associated with the process changes and facility 
modifications summarized above.  The cost estimates are included in Table 9.2-13.  
 
Table 9.2-13 
COST SUMMARY FOR NITROGEN REMOVAL AT  
NORTH ATTLEBOROUGH1 WWTF 
 
LIMIT CAPITAL COSTS (IN MILLIONS) 
TOTAL ANNUAL 
COSTS2 
(IN THOUSANDS) 
20-YR PRESENT 
WORTH 
(IN MILLIONS) 
Minor Modifications/Retrofits None n/a n/a 
Seasonal Effluent TN of 8 mg/L $19 $280 $23 
Annual Average Effluent TN of 8 mg/L $19 $400 $24 
Seasonal Effluent TN of 5 mg/L $26 $280 $30 
Annual Average Effluent TN of 5 mg/L $26 $430 $32 
Notes: 
1. It should be noted that these costs represent one method by which this facility can achieve the stated TN 
goals.  It is not intended to be the most cost effective method nor the recommended method, but it 
represents a planning tool for MassDEP to estimate the fiscal impacts of establishing total nitrogen 
limits.    
2. Represents incremental increase over current conditions. 
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9.3 ATTLEBORO 
 
A. Introduction.  The Attleboro 
Wastewater Treatment Facility (WWTF) is 
located at 27 Pond Street North in 
Attleboro, Massachusetts.  It has a permitted 
annual average capacity of 8.6 mgd and 
serves the City of Attleboro only.  Septage 
is collected from North Seekonk and 
Attleboro.   
 
Prior to 1980, the Attleboro treatment 
facility was a trickling filter plant.  The current plant was constructed in 1980.  It is currently 
undergoing an upgrade that is expected to be completed in 2008. 
 
B. Existing Facilities. 
 
 1. Description of Existing Facilities.  Raw wastewater is conveyed to Attleboro by 
gravity and the South Attleboro Pump Station.  The flow passes through a coarse bar rack, grit 
chamber and then fine screens or comminuters.  
Ferric chloride and lime slurry are both added to 
the preliminary treatment process.  The flow 
passes through a rapid mix tank and then 
through a flocculation tank prior to entering 
primary clarification.   
 
After primary clarification, the flow can be 
pumped either to the first or second stage 
aeration tanks and clarifiers.  If pumped to the 
first stage, flow is then pumped to the second 
stage aeration tanks and clarifiers.  The first 
stage may be bypassed.   
 
The first stage system consists of four 40 ft by 40 ft aerations tanks with a 12 ft sidewater depth 
followed by three 80 foot diameter clarifiers with a 12 ft sidewater depth.  The second stage 
Aerial Photo from google.com 
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system consists of ten 50 ft by 50 ft aeration tanks with a 12 ft sidewater depth followed by three 
100 ft diameter clarifiers with a 12 ft sidewater depth.  All aeration tanks have mechanical 
aerators. 
 
Secondary effluent flows through rapid sand filters, followed by chlorine disinfection, 
dechlorination and post aeration before being discharged to the Ten Mile River.  Sludge is 
thickened in gravity thickeners, blended and then dewatered prior to being hauled offsite.  A 
process flow schematic is shown in Figure 9.3-1. 
 
All plant recycle flows are returned to the onsite South Attleboro Pump Station.  Septage is 
introduced to the wastewater stream prior to preliminary treatment.  The influent sampler at this 
facility is located downstream of the grit removal facilities and thus all plant flows including 
internal recycle flows are part of the influent loads.  The last composite sampler is located prior 
to disinfection in the Filter Building.  
 
The first stage is not used.  Seven of the second stage aeration tanks are in use and others in the 
second stage are in standby mode.  Typically two of the second stage clarifiers are in use with 
the third used during wet weather.  The plant does not try to suppress nitrification at any time of 
the year.  Nitrification is maintained except for occasional upset periods suspected to be caused 
by an unknown contaminant. 
 
FIGURE 9.3-1:  PROCESS FLOW SCHEMATIC – EXISTING FACILITY 
Preliminary 
Treatment – 
Screening, Grit 
Removal,  
Rapid Mix, 
Flocculation Primary 
Sludge 
Pump 
Station 
RAS 
First Stage 
Aeration 
and 
Clarifiers 
Rapid Sand 
Filters 
Ferric 
Chloride, 
Lime 
RAS 
Second 
Stage 
Aeration 
and 
Clarifiers 
Chlorine 
Contact Tank 
and Post 
Aeration 
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The plant has twenty six employees at the wastewater treatment facility and four for the 
collection system.  
 
Design flows and loads for the current upgrade are shown below in Table 9.3-1. 
 
Table 9.3-1 
DESIGN FLOWS AND LOADS 
 
PARAMETER VALUE 
Average Monthly (design flow) 8.6 mgd 
BOD 198 mg/L 
TSS 230 mg/L 
  
 2. Summary of Plant Data.  Data from January 2004 through December 2006 was 
provided by the Town for this study.  A summary of the monthly data is shown in Table 9.3-2.  
Seasonal and annual average and maximum month data is summarized in the table. 
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Table 9.3-2 
ATTLEBORO WWTF 
Attleboro, Massachusetts 
Monthly Averages 2004-2006 
 
GENERAL INFLUENT EFFLUENT 
DATE INF PH BOD TSS NH4 TEMP DO PH BOD TSS F.COLI TKN NH4 TN 
MONTH YEAR MGD  MG/L MG/L MG/L DEG C MG/L  MG/L MG/L # / 100ML MG/L MG/L MG/L 
January 2004 5.270 7.6 158 157 17.7 9.4 10.4 7.2 3.1 1.4 0 1.9 0.3 24.0 
February 2004 4.803 7.6 184 170 18.2 9.4 10.4 7.3 2.4 1.3 1 1.9 0.1 18.0 
March 2004 4.859 7.7 181 190 20.6 11.1 10.2 7.2 2.0 1.2 0 0.0 0.2 22.0 
April 2004 7.033 7.3 143 141 14.7 10.0 9.8 7.2 3.0 2.2 1 0.6 0.3 0.6 
May 2004 5.403 7.4 209 197 18.4 13.8 9.3 7.1 1.7 1.3 2 2.2 0.2 23.2 
June 2004 4.905 7.5 196 222 19.5 17.2 8.6 7.1 1.5 1.1 0 0.6 0.3 24.6 
July 2004 4.528 7.4 181 220 20.2 19.4 8.1 7.2 1.5 1.2 2 0.0 0.2 29.0 
August 2004 4.071 7.3 191 186 23.2 21.1 7.9 7.1 1.6 1.7 1 1.5 0.6 34.5 
September 2004 2.877 7.4 220 196 24.2 21.1 8.4 7.1 1.7 2.5 1 1.8 0.2 34.2 
October 2004 2.685 7.5 210 218 23.2 18.9 9.3 7.2 1.4 1.0 0 1.5 0.1 33.5 
November 2004 2.453 7.5 196 235 26.3 16.1 9.5 7.2 1.9 1.4 0 2.1 0.3 32.1 
December 2004 3.009 7.4 176 182 21.0 12.8 10.0 7.3 1.8 1.1 1 1.1 0.2 20.1 
January 2005 3.512 7.3 160 145 15.2 10.6 11.0 7.4 2.3 1.4 1 0.5 0.0 17.5 
February 2005 3.498 7.4 164 158 17.0 9.4 4.5 7.2 2.4 1.1 0 1.4 0.4 25.4 
March 2005 3.847 7.5 139 153 18.1 9.4 9.9 7.3 3.2 2.3 3 4.0 1.0 24.3 
April 2005 4.774 7.3 141 136 12.7 11.1 9.7 7.3 2.3 1.7 1 0.0 0.2 15.0 
May 2005 3.548 7.0 242 231 15.4 13.9 9.5 7.3 2.1 1.3 0 1.1 0.1 24.1 
June 2005 3.251 7.5 210 232 17.5 17.8 9.1 7.3 1.4 1.5 11 1.6 0.0 17.6 
July 2005 2.703 7.0 216 272 20.8 20.6 8.5 7.1 1.5 1.3 1 2.1 0.1 30.1 
August 2005 2.779 7.4 276 273 34.5 23.3 8.1 7.4 1.7 1.8 1 2.4 0.1 16.4 
September 2005 2.658 7.4 211 238 24.7 22.8 8.2 7.2 1.3 1.3 6 1.6 0.1 31.6 
October 2005 4.604 7.4 146 170 16.2 20.0 8.7 7.4 1.6 2.3 2 0.0 0.1 29.0 
November 2005 3.870 7.3 139 158 16.8 16.7 9.3 7.4 2.0 1.1 19 1.1 0.1 20.1 
December 2005 3.412 7.4 150 124 17.3 13.9 10.6 7.5 2.9 1.6 945 1.0 0.0 17.0 
January 2006 4.158 7.4 123 112 14.7 13.3 9.7 7.4 2.1 1.3 29 1.5 0.1 14.5 
February 2006 3.615 7.4 154 131 18.8 12.8 9.6 7.3 3.0 2.6 66 2.7 3.3 12.7 
March 2006 2.389 7.6 260 166 23.2 13.3 9.7 7.4 3.2 1.7 94 0.9 1.5 16.9 
April 2006 2.493 7.6 250 240 27.5 15.0 9.3 7.5 4.0 6.3 2278 26.0 12.5 26.0 
May 2006 3.670 7.5 208 210 18.7 16.1 9.2 7.4 2.9 3.0 97 1.0 0.0 17.3 
June 2006 5.647 7.2 256 291 12.9 16.7 8.3 7.4 4.8 4.5 46 1.0 0.0 6.6 
July 2006 3.581 7.3 291 307 13.2 18.9 8.3 7.5 1.4 1.0 26 1.7 0.0 14.7 
August 2006 3.041 7.3 308 401 20.0 21.7 7.9 7.2 2.1 1.4 10 0.5 0.0 24.0 
September 2006 2.574 7.4 224 255 39.6 20.6 8.5 7.3 1.8 1.4 15 1.4 0.0 22.4 
October 2006 2.629 7.5 251 244 27.8 18.9 8.6 7.3 1.8 1.3 8 1.6 3.1 20.6 
November 2006 3.872 7.4 162 167 18.4 16.7 8.8 7.6 2.4 3.5 49 2.8 3.5 20.8 
December 2006 3.068 7.6 193 173 17.0 14.4 9.5 7.6 1.5 2.0 22 15.0 3.2 21.6 
Min. Month 2.389 7.0 123 112 12.7 9.4 4.5 7.1 1.3 1.0 0 0.0 0.0 0.6 
Seasonal Average 3.620 7.3 225 242 22 19 8.6 7.3 1.9 1.7 13 1.3 0.3 24.1 
Average 3.752 7.4 198 203 20.1 15.8 9.1 7.3 2.2 1.8 104 2.4 0.9 21.7 
 Max. Month 7.033 7.7 308 401 39.6 23.3 11.0 7.6 4.8 6.3 2278 26.0 12.5 34.5 
9-22 
With a current average annual flow of 3.75 mgd (without recycle) and a permitted capacity of 8.6 
mgd, this facility is operating at less than 45% of its permitted capacity.  With recycle, the 
facility flow is between 4 and 4.5 mgd. 
 
Based on the average BOD concentration of 198 mg/L and TN concentration of approximately 
27 mg/L, this wastewater would be between weak and medium strength.  The TN/BOD ratio is 
approximately 0.14 which is fairly low (a typical TN/BOD ratio is 0.18).  However, these 
concentrations include plant recycle loads and are diluted by filter backwash. 
 
3. Permit Requirements and Current Performance.  Monthly permit limits from the 
current permit that are relevant to this study are shown below in Table 9.3-3. 
 
Table 9.3-3 
SELECT MONTHLY PERMIT LIMITS 
 
PARAMETER LIMIT 
BOD5 5 mg/L 
TSS 5 mg/L 
Ammonia-Nitrogen 
     May 
     June - October 
     Nov-April 
 
4.2 mg/L 
1.5 mg/L 
12.5 mg/L 
TN Report 
 
The plant has performed exceptionally well meeting its average monthly permit limits for all but 
one month in the study period.   
 
4. Nitrogen Removal Performance.  This facility collects influent ammonia data.  As 
can be seen in Table 9.3-2, the facility has an average effluent ammonia concentration of less 
than 1 mg/L, but has not denitrified over the study period. 
 
C. Nitrogen Removal Alternatives.  The existing maximum month loads over the three-year 
data collection period were used to determine the BioWin input data; one outlier was found in 
the data and not included in the analysis.  The influent data which correspond to maximum-
month loads are shown in Table 9.3-4 for each permitting scenario.  The minimum temperature 
for the permit condition is also shown.    
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Table 9.3-4 
EXISTING INFLUENT PARAMETERS 
 
PERMIT CONDITIONS PARAMETER VALUE 
Flow, mgd 5.40 
BOD, mg/L 209 
TSS, mg/L 214 
TN, mg/L 26 
Annual Average 
Temperature, F 49 
Flow, mgd 5.40 
BOD, mg/L 209 
TSS, mg/L 214 
TN, mg/L 26 
Seasonal  
Temperature, F 57 
  
The existing plant data was then projected to the permitted capacity of the facility to develop 
model input parameters for the average annual and seasonal model runs.  This projected data is 
shown in Table 9.3-5. 
 
Table 9.3-5 
MODEL INPUT PARAMETERS AT PERMITTED CAPACITY 
 
PERMIT CONDITIONS PARAMETER VALUE 
Flow, mgd 12.38 
BOD, mg/L 209 
TSS, mg/L 214 
TN, mg/L 26 
Annual Average 
Temperature, F 49 
Flow, mgd 12.38 
BOD, mg/L 209 
TSS, mg/L 214 
TN, mg/L 26 
Seasonal 
Temperature, F 57 
 
The model input data was used to run uncalibrated simulations to determine planning level, 
order-of-magnitude costs for implementing different levels of nitrogen reduction at the facility.  
A discussion of operational changes or minor modifications that can be made to the facility to 
improve current nitrogen reduction performance as well as a presentation of the simulation 
results are presented in the following sections.   
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The existing second stage consists of 10 aeration tanks.  For all of the alternatives outlined 
below, it is assumed that the ten existing tanks would be converted into two reactors, each 
consisting of five of the existing tanks.   
 
The first stage tanks could be used to fulfill some of the needs for future capacity, but because 
the first and second stages are at different elevations, use of the first stage system would require 
an upgrade to the pump station that conveys flow to the second stage such that it could handle 
the significant increase in flow from the nitrate recycle.  However, this additional, constant 
pumping may not be desirable. 
 
The BOD concentration at the max month condition is approximately double the average 
condition.  As a result, each of the alternatives below requires a significant number of additional 
tanks.  Although there are more cost effective approaches to achieving the goals for this facility, 
the use of additional tanks is in accordance with the guidelines established for this study in 
Section 2. 
 
1. Minor Modifications/Retrofits.  The plant currently has approximately 37% of the 
recommended volume required to meet an annual average effluent TN of 8 mg/L and it has 
approximately 53% of the recommended volume required to meet a seasonal average effluent 
TN of 8 mg/L.  With the plant currently running at approximately 43% of its design capacity, it 
would seem that cyclical aeration (cycle aerators on and off) would allow the plant to denitrify at 
least seasonally to a level of approximately 8 mg/L, but this performance will likely tail off in the 
winter. 
 
2. Modifications Required to Meet TN of 8 mg/L.  Modifications to the facility that 
are required to meet an effluent TN of 8 mg/L on a seasonal and annual average basis are as 
follows. 
 
a. Seasonal.  At the influent TN levels for this facility, an MLE process will accomplish 
a seasonal effluent TN level of 8 mg/L.  The BioWin model for this process is shown 
below in Figure 9.3-2.   
 
 
 
 
(continued) 
9-25 
 
This process would require approximately double the current second stage aeration tank 
capacity.  In addition to the two converted plug flow reactors (consisting of the ten existing 
aeration tanks), three additional plug flow reactors would be required.  The new reactors 
would be the same size as the two existing converted plug flow reactors.   
 
Although the existing clarifiers appear to be adequately sized to handle the future flow and 
loading conditions, it should be noted that the clarifiers at this facility are twelve feet deep.  
According to TR-16, clarifiers at nitrogen removal facilities should be a minimum of 13 
feet deep.  Because the clarifiers meet the minimum requirements set forth in Section 2, 
they will have to be further evaluated to consider if they will require replacement or 
derating because of the shallow depth.   
 
As shown in the site plan in Figure 9.3-3, the site appears to have enough space for the 
additional reactors.  Specific information regarding the results of this analysis is shown in 
Table 9.3-6 below. 
 
 
 
 
 
 
 
 
(continued) 
AerationPre-AnoxInfluent
Sludge Disp
Effluent
 
FIGURE 9.3-2:  NITROGEN REMOVAL PROCESSES - SEASONAL LIMIT OF 8 mg/L  
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Table 9.3-6 
RESULTS FOR SEASONAL LIMIT OF 8 mg/L TN 
 
PARAMETER VALUE 
Aerobic SRT 6.6 days 
Total SRT 8.5 days 
First Anoxic Fraction 22% 
Total Anoxic Fraction 22% 
Reaeration HRT n/a 
RAS Rate 100% 
Total Volume 5.6 MG 
Nitrate Recycle Rate 300% 
Max MLSS at loading rate 3600 mg/L 
Effluent TN 8 mg/L 
Methanol Addition No 
Fixed Film Required? No 
Clarifiers? Reuse existing second stage clarifiers 
Effluent Filtration Required? Existing, no additional 
 
The modifications related to the proposed upgrades described above do not appear to 
require any structure demolition.  The aeration tanks can be constructed in portions of the 
site that are currently unused. 
 
Other plant modifications may be needed including upgrades to sludge handling.  However, 
all facilities outside of the activated sludge process are outside of the scope of this study.   
 
b. Annual Average.  At the influent TN levels for this facility, an MLE process will 
accomplish an annual average effluent TN level of 8 mg/L.  The BioWin model for this 
process is shown below in Figure 9.3-4 below.   
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This process would require more than three times the current second stage aeration tank 
capacity.  In addition to the two converted plug flow reactors (consisting of the ten existing 
aeration tanks), five additional plug flow reactors would be required.  The new reactors 
would be the same size as the two existing converted plug flow reactors.   
 
In addition to the new aeration tanks, it is anticipated that the facility will require one 
additional secondary clarifier (in addition to the existing three) to operate at the future flow 
and loading conditions.  It should be noted that the existing clarifiers at this facility are 
twelve feet deep.  According to TR-16, clarifiers at nitrogen removal facilities should be a 
minimum of 13 feet deep.  Because the clarifiers meet the minimum requirements set forth 
in Section 2, they will have to be further evaluated to consider if they will require 
replacement or derating because of the shallow depth.   
 
As shown in the site plan in Figure 9.3-5, the site appears to have enough space for the 
additional aeration tanks.  Specific information regarding the results of this analysis is 
shown in Table 9.3-7 as follows. 
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FIGURE 9.3-4:  NITROGEN REMOVAL PROCESSES – ANNUAL AVERAGE 
LIMIT OF 8 mg/L 
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Table 9.3-7 
RESULTS FOR ANNUAL AVERAGE LIMIT OF 8 mg/L TN 
 
PARAMETER VALUE 
Aerobic SRT 9.5 days 
Total SRT 12 days 
First Anoxic Fraction 21% 
Total Anoxic Fraction 21% 
Reaeration HRT n/a 
RAS Rate 100% 
Total Volume 7.9 MG 
Nitrate Recycle Rate 300% 
Max MLSS at loading rate 3600 mg/L 
Effluent TN 8 mg/L 
Methanol Addition No 
Fixed Film Required? No 
Clarifiers? Reuse existing second stage clarifiers and add one new one 
Effluent Filtration Required? Existing, no additional 
 
The modifications related to the proposed upgrades described above do not appear to 
require any structure demolition.  The aeration tanks can be constructed in portions of the 
site that are currently unused. 
 
Other plant modifications may be needed including upgrades to sludge handling.  However, 
all facilities outside of the activated sludge process are outside of the scope of this study.   
 
3. Modifications Required to Meet a TN of 5 mg/L.  The modifications to the facility 
that are required to meet an effluent TN of 5 mg/L on a seasonal and annual average basis are as 
follows. 
 
a. Seasonal.  At the influent TN levels for this facility, a Bardenpho configuration will 
accomplish a seasonal effluent TN level of 5 mg/L.  The BioWin model for this process is 
shown below in Figure 9.3-6.   
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This process would require four times the current second stage aeration tank capacity.  In 
addition to the two converted plug flow reactors (consisting of the ten existing aeration 
tanks), six additional reactors would be required.  The new reactors would be the same size 
as the two existing converted plug flow reactors.   
 
In addition to the new aeration tanks, it is anticipated that one additional secondary clarifier 
be added to the existing three to operate at the future flow and loading conditions.  It 
should be noted that the existing clarifiers at this facility are twelve feet deep.  According 
to TR-16, clarifiers at nitrogen removal facilities should be a minimum of 13 feet deep.  
Because the clarifiers meet the minimum requirements set forth in Section 2, they will have 
to be further evaluated to consider if they will require replacement or derating because of 
the shallow depth.   
 
As shown in the site plan in Figure 9.3-7, the site appears to have enough space for the 
additional aeration tanks.  Specific information regarding the results of this analysis is 
shown in Table 9.3-8 below. 
 
Table 9.3-8 
RESULTS FOR SEASONAL LIMIT OF 5 mg/L TN 
 
PARAMETER VALUE 
Aerobic SRT 6.8 days 
Total SRT 14 days 
First Anoxic Fraction 21% 
Total Anoxic Fraction 42% 
Reaeration HRT 1.2 hrs 
RAS Rate 100% 
Total Volume 9.0 MG 
Nitrate Recycle Rate 300% 
AerationPre-AnoxInfluent
Sludge Disp
EffluentPost Anox Reaeration
Methanol
 
FIGURE 9.3-6:  NITROGEN REMOVAL PROCESSES – SEASONAL LIMIT OF 5 mg/L 
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Table 9.3-8 (continued) 
RESULTS FOR SEASONAL LIMIT OF 5 mg/L TN 
 
PARAMETER VALUE 
Max MLSS at loading rate 3700 mg/L 
Effluent TN 5 mg/L 
Methanol Addition No 
Fixed Film Required? No 
Clarifiers? Reuse existing second stage clarifiers and add one new one 
Effluent Filtration Required? Existing, no additional 
 
The modifications related to the proposed upgrades described above do not appear to 
require any structure demolition.  The aeration tanks can be constructed in portions of the 
site that are currently unused. 
 
Other plant modifications may be needed including upgrades to sludge handling.  However, 
all facilities outside of the activated sludge process are outside of the scope of this study.   
 
b. Annual Average.  At the influent TN levels for this facility, a Bardenpho 
configuration with methanol addition will accomplish a seasonal effluent TN level of 5 
mg/L.  The BioWin model for this process is shown below in Figure 9.3-8. 
 
This process would require approximately five times the current second stage aeration tank 
capacity.  In addition to the two converted plug flow reactors (consisting of the ten existing 
AerationPre-AnoxInfluent
Sludge Disp
EffluentPost Anox Reaeration
Methanol
 
FIGURE 9.3-8:   
NITROGEN REMOVAL PROCESSES – ANNUAL AVERAGE LIMIT OF 5 mg/L 
9-31 
tanks), eight additional reactors would be required.  The new reactors would be the same 
size as the two existing converted plug flow reactors.   
 
In addition to the new aeration tanks, it is anticipated that the facility will require one 
additional secondary clarifier (in addition to the existing three) to operate at the future flow 
and loading conditions.  It should be noted that the existing clarifiers at this facility are 
twelve feet deep.  According to TR-16, clarifiers at nitrogen removal facilities should be a 
minimum of 13 feet deep.  Because the clarifiers meet the minimum requirements set forth 
in Section 2, they will have to be further evaluated to consider if they will require 
replacement or derating because of the shallow depth.   
 
As shown in the site plan in Figure 9.3-9, the site appears to have enough space for the 
additional aeration tanks.  Specific information regarding the results of this analysis is 
shown in Table 9.3-9 below. 
 
Table 9.3-9 
RESULTS FOR ANNUAL AVERAGE LIMIT OF 5 mg/L TN 
 
PARAMETER VALUE 
Aerobic SRT 10.8 days 
Total SRT 18 days 
First Anoxic Fraction 23% 
Total Anoxic Fraction 40% 
Reaeration HRT 1.5 hrs 
RAS Rate 100% 
Total Volume 11.2 MG 
Nitrate Recycle Rate 300% 
Max MLSS at loading rate 3800 mg/L 
Effluent TN 5 mg/L 
Methanol Addition Yes 
Fixed Film Required? No 
Clarifiers? Reuse existing second stage clarifiers and add one new one 
Effluent Filtration Required? Existing, no additional 
 
The modifications related to the proposed upgrades described above do not appear to 
require any structure demolition.  The aeration tanks can be constructed in portions of the 
site that are currently unused. 
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Other plant modifications may be needed including upgrades to sludge handling.  However, 
all facilities outside of the activated sludge process are outside of the scope of this study.   
 
D. Plant and Cost Summary.  Table 9.3-10 presents flow data for the Attleboro WWTF as 
well as the current nitrogen removal performance of the plant.   
 
Table 9.3-10 
PLANT FLOW AND EFFLUENT LIMIT SUMMARY 
 
PARAMETER VALUE 
Permitted Flow (mgd) 8.6 
Existing Flow (2004-6) 3.75 
% of existing capacity 43.6 
Current average seasonal effluent TN (mg/L) 24.1 
Current average annual effluent TN (mg/L)  21.7 
Permit Limits 
     Seasonal Nitrification (mg/L) 
     Year-round  nitrification (mg/L) 
     Seasonal TN Limit 
     Annual TN Limit 
 
Yes (1.5-4.2) 
Yes (12.5) 
Report 
Report 
 
Table 9.3-11 presents the nitrogen removal processes identified in this section to achieve the four 
different permit conditions considered.  Based on the loading conditions established for this 
facility and the subsequent BioWin modeling performed using this data, the facility 
improvements include adding a number of additional aeration tanks and, for most permit 
conditions, an additional clarifier.   
 
Table 9.3-11 
NITROGEN REMOVAL PROCESS SUMMARY FOR ATTLEBORO WWTF 
 
MINOR/ 
MODIFICATIONS OR 
RETROFITS 
PROCESS TO ACHIEVE 
SEASONAL  
TN OF 8 MG/L 
PROCESS TO ACHIEVE 
ANNUAL AVERAGE  
TN OF 8 MG/L 
PROCESS TO 
ACHIEVE SEASONAL  
TN OF 5 MG/L 
PROCESS TO 
ACHIEVE ANNUAL 
AVERAGE  
TN OF 5 MG/L 
Cyclical Aeration MLE  MLE Bardenpho  
Bardenpho with 
methanol 
addition 
 
The modifications required at Attleboro to convert to a new nitrogen removal process are 
summarized in Table 9.3-12.   
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Table 9.3-12 
REQUIRED MODIFICATIONS SUMMARY FOR ATTLEBORO WWTF 
 
MODIFICATIONS TO 
ACHIEVE SEASONAL  
TN OF 8 MG/L 
MODIFICATIONS TO 
ACHIEVE ANNUAL 
AVERAGE 
TN OF 8 MG/L 
MODIFICATIONS TO 
ACHIEVE SEASONAL  
TN OF 5 MG/L 
MODIFICATIONS TO 
ACHIEVE ANNUAL 
AVERAGE  
TN OF 5 MG/L 
SPECIAL 
CONDITIONS 
3 new reactors (each 
equal to five existing 
square tanks) 
5 new reactors (each 
equal to five existing 
square tanks), one 
new clarifier 
6 new reactors (each 
equal to five existing 
square tanks), one 
new clarifier 
8 new reactors (each 
equal to five existing 
square tanks), one 
new clarifier 
None 
 
The cost estimating procedures established in Section 2 were used to estimate capital, annual 
O&M, and 20-year present worth costs associated with the process changes and facility 
modifications summarized above.  The cost estimates are included in Table 9.3-13.  
 
Table 9.3-13 
COST SUMMARY FOR NITROGEN REMOVAL AT ATTLEBORO WWTF1 
 
LIMIT CAPITAL COSTS (IN MILLIONS) 
TOTAL ANNUAL 
COSTS2 
(IN THOUSANDS) 
20-YR PRESENT 
WORTH 
(IN MILLIONS) 
Minor Modifications/Retrofits Minor N/A N/A 
Seasonal Effluent TN of 8 mg/L $38 $430 $43 
Annual Average Effluent TN of 8 mg/L $60 $610 $68 
Seasonal Effluent TN of 5 mg/L $70 $430 $75 
Annual Average Effluent TN of 5 mg/L $88 $690 $97 
Notes: 
1. It should be noted that these costs represent one method by which this facility can achieve the stated TN goals.  It is 
not intended to be the most cost effective method nor the recommended method, but it represents a planning tool for 
MassDEP to estimate the fiscal impacts of establishing total nitrogen limits.    
2. Represents incremental increase over current conditions. 
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ENGINEERING FEASIBILITY AND COST 
ANALYSES OF NITROGEN REDUCTION FROM 
SELECTED POTWS IN MASSACHUSETTS 
 
 
 
 
SECTION 10 – SUMMARY 
 
10.1 INTRODUCTION 
 
The intent of this report is to develop planning level costs for upgrading all major POTWs in the 
Connecticut (and its major tributaries – Chicopee, Millers, Deerfield and Westfield Rivers), 
Blackstone and Ten Mile River watersheds in Massachusetts to achieve various levels of 
nitrogen removal at the permitted capacity of each facility.  As such, it is not the intent to 
recommend specific upgrades but instead to determine upgrades that could achieve each of the 
permit conditions and to then assign a cost to those upgrades.  Each facility was evaluated using 
the same basic evaluation techniques.  These techniques did not result in, nor was it a project 
goal to determine, the most cost-effective approach for each facility to achieve the different 
levels of nitrogen removal.   
 
Most of the facilities in this study were constructed in the late seventies and early eighties under 
the Clean Water Act with state and federal funding to achieve secondary treatment standards.  
Few have aeration volumes suitable for both nitrification and denitrification.  The permitted flow 
of the facility was utilized for the analyses, a flow that for many communities may not be seen in 
the near or even long-term future.  On average, the twenty-one POTWs are operating at about 
two-thirds of permitted capacity.  Also, the majority of the facilities did not have influent 
nitrogen data and as a result, critical data had to be assumed.  The combination of all of these 
factors results in upgrade costs that may be conservative. 
 
It should be noted again that the costs of the upgrades presented herein includes those associated 
with nitrogen removal only and does not consider any costs associated with the removal of 
phosphorus or any other contaminants.  In addition, any baseline improvements to existing, aging 
processes are not included in the estimate.       
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In addition, some facilities in this report are currently achieving or nearly achieving annual 
average TN levels of 8 mg/L.  Despite this these facilities have some costs associated with 
achieving a limit of 8 mg/L.  There are several reasons for this.  In some cases, the facility would 
not be able to continue to achieve low levels of TN at their permitted capacity.  In other cases 
where the facility is near its permitted capacity and still achieving TN levels close to 8 mg/L, the 
evaluations in this report were conducted at maximum loading conditions and minimum 
temperatures, a condition that these facilities may not yet have experienced.  It should be noted 
that  any facility that is designed to achieve an effluent limit of 8 mg/L will have safety factors 
built into the design which will allow the facility to outperform its limit to ensure the limit is 
consistently achieved.   
 
10.2 WATERSHED SUMMARIES 
 
The facilities that were included in this study are shown in Table 10.2-1 along with 
corresponding plant flows and existing permit conditions.  Figures 10.2-1 through 10.2-3 show 
the locations of all of these facilities.  
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Table 10.2-1 
FLOWS AND PERMIT SUMMARY 
 
PERMIT LIMITS (6) 
 
PERMITTED 
FLOW 
(MGD) 
EXISTING 
FLOW  
(2004-2006) 
(MGD) 
% OF 
PERMITTED 
CAPACITY 
CURRENT 
AVERAGE 
SEASONAL 
EFFLUENT TN 
(MG/L) 
CURRENT 
AVERAGE 
ANNUAL 
EFFLUENT TN 
(MG/L) 
SEASONAL 
NITRIFICATION 
WINTER 
NITRIFICATION 
SEASONAL 
TN LIMIT 
WINTER 
TN LIMIT  
Blackstone River Watershed 
Upper Blackstone Water Pollution  
Abatement District 56.0 38.2 68.2 9.8 
(1) 10.7 (1) yes (2-5) yes (10-12) no no 
Grafton 2.4 2.0 84.2 13.5 (1) 14.3 (1) yes (5) yes (10-15) no no 
Northbridge 2.0 1.1 55.0 6.5 (1,4) 7.9 (1,4) yes (2) yes (9) no no 
Douglas 0.6 0.2 35.0 3.4 (4) 5.2 (4) yes (5) no no no 
Upton 0.4 0.2 40.0 19.0 17.5 yes (2.3) yes (7) no no 
Uxbridge 2.5 0.9 37.2 15.1 13.7 yes (5) yes (10-15) no no 
Hopedale 0.588 0.4 68.0 13.5 (2) 13.5 (2) yes (2-5) yes (11) no no 
Total 64.5 43.0 66.7       
Connecticut River Watershed  (and sub watersheds) 
Springfield 67.0 46.4 69.3 5.4 (4) 5.3 (4)  no no report report 
Amherst 7.1 4.2 59.4 13.0 14.0 report report report report 
Northampton 8.6 4.6 53.5 20.8 20.8 no no report report 
Holyoke 17.5 9.1 52.0 11.5 9.4 report report report report 
Chicopee 15.5 10.2 65.8 20.0 (3) 20.0 (3) report report report report 
Easthampton 3.8 2.4 63.2 13.5 (3) 13.5 (3) report report report report 
S. Hadley 4.2 2.9 69.0 27.7 26.4 no no no no 
Palmer 5.6 2.4 42.9 21.6 25.6 report report report report 
Ware 1.0 0.7 67.8 14.1 15.8 yes (1) report report report 
Erving Center 2.7 1.8 66.7 N/A N/A yes (5-10) yes (10-15) report report 
Greenfield(5) 4.7 3.8 81.7 14.6 14.4 no no report report 
Westfield 6.1 4.0 65.6 7.4 (4) 9.2 yes (3) report no no 
Total 143.8 92.5 64.3       
Ten Mile River Watershed 
Attleboro 8.6 3.8 43.6 24.1 21.7 yes (1.5-4.2) yes (12.5) report report 
North Attleborough 4.6 4.2 91.1 7.7 (4) 7.7 (4) yes (1-3) yes (7-10) yes (8) report 
Total 13.2 8.0 60.2       
Notes: 
1. Includes estimated TKN of 1.5 mg/L 
2.  Estimate - Only ammonia is measured 
3.  Estimate - No nitrogen data collected 
4.  Meeting 8 mg/L limits at current flow 
5.  4.65 mgd was the current design flow used for analysis despite lower permitted flow of 3.2 mgd 
6.  Seasonal is defined as May-October.  Winter is November-April 
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The results of the evaluations of these facilities are shown in two attached tables.  Table 10.2-2 
shows the nitrogen removal processes resulting from the plant evaluations.  Table 10.2-3 
provides a summary of the modifications that would be required to convert to the nitrogen 
removal processes listed in Table 10.2-2 and the resulting costs for these modifications.  The 
following are discussions regarding each of the three major watersheds. 
 
Two additional tables present nitrogen removal and cost results.  Table 10.2-4 shows the current 
and projected effluent nitrogen loads for the facilities in the study.  Table 10.2-5 provides a cost 
summary of the upgrade required to achieve annual effluent TN levels of 5 and 8 along with the 
respective cost per pound of TN removed for each facility. 
 
A. Blackstone River Watershed.  Of the seven wastewater treatment facilities evaluated in 
the Blackstone River watershed, all but one, Grafton, is operating at less than 70% of the 
permitted hydraulic capacity of the facility.  Three of these facilities, Douglas, Upton and 
Uxbridge, are operating at or below 40% capacity.  So, although this study analyzed costs to 
achieve the varying effluent TN limits at permitted capacity, expected design year (20-year) flow 
estimates should be established as a next step in refining the estimates presented herein.  It 
should be noted that the Upper Blackstone Water Pollution Abatement District represents 87 
percent of the total permitted flow discharged to the Blackstone River. 
 
Currently all of the facilities are required to achieve an ammonia limit of 5 mg/L or less from 
May to October and all but one plant, Douglas, are required to achieve some level of nitrification 
in the winter months (ranging from 7 to 15 mg/L).  Based on the limited plant data, it appears as 
though only two facilities, Douglas and Northbridge are currently achieving a TN of less than 8 
mg/L seasonally and year round.  The Upper Blackstone facility, although currently discharging 
a TN on average of 10.7 annually, will have the capability to achieve a TN of 8 to 10 mg/L 
annually up to the annual average design year (2020) flow of 45 mgd at the completion of the 
ongoing treatment facility improvements expected in August 2009. 
 
As shown in Table 10.2-3, the total capital cost for all seven facilities is estimated at $220 
million for 8 mg/L and $290 million for 5 mg/L if only seasonal limits must be achieved at the 
permitted flow capacity.  The estimated capital cost to achieve an annual effluent TN 
concentration of 8 mg/L at all seven facilities is $250 million in today’s dollar. This costs 
increases to over $300 million in order to achieve an annual effluent TN concentration of 5 
mg/L.  
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The Upper Blackstone Water Pollution Abatement District is the only one of the facilities that is 
currently being upgraded to achieve nitrogen removal (an annual average TN of 8 to 10 mg/L 
although not required by the current permit).  This facility has also undergone a recent facilities 
planning process that determined a 20 year design flow projection of 45 mgd (80% of the 
permitted flow of the facility).  Thus, in addition to the evaluation at permitted capacity, this 
facility was also evaluated at the reduced design flow.  As shown in Table ES-1, the upgrade 
costs for the 45 mgd facility were significantly less than those associated with upgrades at 
permitted capacity.  With all other analyses completed at the permitted flow of the facilities, a 
similar significant reduction in upgrade costs will likely be seen when more realistic design year 
flows are used. 
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Table 10.2-2 
NITROGEN REMOVAL PROCESS SUMMARY 
 
POTW NAME PERMITTED CAPACITY 
CURRENT 
PROCESS 
PROCESS USED 
TO ACHIEVE 
SEASONAL TN 
OF 8 MG/L 
PROCESS USED 
TO ACHIEVE 
ANNUAL 
AVERAGE TN 
OF 8 MG/L 
PROCESS USED 
TO ACHIEVE 
SEASONAL TN 
OF 5 MG/L 
PROCESS USED 
TO ACHIEVE 
ANNUAL 
AVERAGE TN 
OF 5 MG/L 
DATE OF LAST 
MAJOR 
UPGRADE 
SPECIAL CONDITIONS 
Blackstone River Watershed 
Upper 
Blackstone 
Water 
Pollution 
Abatement 
District 
56 mgd 
Ongoing 
upgrade to 
operate in 
MLE, A/O and 
A2/O modes 
MLE (or A2/O 
with IFAS) 
MLE (or A2/O 
with IFAS) 
MLE (or A2/O 
with IFAS) 
plus a 
denitrification 
filter 
MLE (or A2/O 
with IFAS) 
plus a 
denitrification 
filter 
Ongoing Hazardous waste on site 
Grafton 
Wastewater 
Treatment 
Plant 
2.4 mgd None 
Nitrification in 
aeration tanks 
plus a 
denitrification 
filter 
Nitrification in 
aeration tanks 
plus a 
denitrification 
filter 
Nitrification in 
aeration tanks 
plus a 
denitrification 
filter 
Nitrification in 
aeration tanks 
plus a 
denitrification 
filter 
1979  
Northbridge 
Wastewater 
Treatment 
Plant 
2.0 mgd Standard SBR process 
Cycle air and 
add one SBR 
Cycle air and 
add one SBR 
Cycle air and 
add one SBR 
and a 
denitrification 
filter 
Cycle air and 
add one SBR 
and a 
denitrification 
filter 
2002  
Douglas 
Wastewater 
Treatment 
Facility 
0.60 mgd Standard SBR process 
Cycle air and 
add two SBRs 
Cycle air and 
add two SBRs 
Cycle air and 
add two SBRs 
Cycle air and 
add two SBRs Ongoing  
Upton 
Wastewater 
Treatment 
Facility 
0.40 mgd None Bardenpho(1) Bardenpho with IFAS(1) 
Bardenpho 
with methanol 
addition  
Bardenpho 
with IFAS and 
methanol 
addition  
1999  
Uxbridge 
Wastewater 
Treatment 
Facility 
2.5 mgd 
Currently 
operates in 
Ludzack-
Ettinger 
configuration 
MLE 
Nitrification in 
aeration tanks 
plus a 
denitrification 
filter 
Bardenpho 
Nitrification in 
aeration tanks 
plus a 
denitrification 
filter 
1979  
Hopedale 
Wastewater 
Treatment 
Facility 
0.588 mgd None 
Bardenpho 
with methanol 
addition(1) 
Bardenpho 
with methanol 
addition(1) 
Bardenpho 
with methanol 
addition 
Bardenpho 
with methanol 
addition 
1983  
Connecticut River Watershed 
Springfield 
Wastewater 
Treatment 
Facility 
67 mgd Ludzack-Ettinger  MLE MLE Bardenpho Bardenpho 1998  
Amherst 
Wastewater 
Treatment 
Plant 
7.1 mgd None 
Nitrification in 
aeration tanks 
plus a 
denitrification 
filter 
Nitrification in 
aeration tanks 
plus a 
denitrification 
filter 
Nitrification in 
aeration tanks 
plus a 
denitrification 
filter 
Nitrification in 
aeration tanks 
plus a 
denitrification 
filter 
1979  
Northampton 
Wastewater 
Treatment 
Facility 
8.6 mgd Ludzack-Ettinger  Bardenpho
(1) 
Bardenpho 
with IFAS and 
methanol 
addition(1) 
Bardenpho 
with IFAS and 
methanol 
addition 
Bardenpho 
with IFAS and 
methanol 
addition 
1994 Extremely space-limited site 
Holyoke 
Wastewater 
Treatment 
Facility 
17.5 mgd None 
Biological 
aerated filter 
and 
denitrification 
filter 
Biological 
aerated filter 
and 
denitrification 
filter 
Biological 
aerated filter 
and 
denitrification 
filter 
Biological 
aerated filter 
and 
denitrification 
filter 
1977 Space-limited site 
Chicopee 
Wastewater 
Treatment 
Facility 
15.5 mgd 
High purity 
oxygen 
activated 
sludge 
Single-stage 
nitrification 
with IFAS plus 
a 
denitrification 
filter 
Biological 
aerated filter 
and 
denitrification 
filter 
Single-stage 
nitrification 
with IFAS 
plus a 
denitrification 
filter 
Biological 
aerated filter 
and 
denitrification 
filter 
1977 Space-limited site 
POTW NAME PERMITTED CAPACITY 
OPERATIONAL 
OR LOW COST 
RETROFITS 
PROCESS USED 
TO ACHIEVE 
SEASONAL TN 
OF 8 MG/L 
PROCESS USED 
TO ACHIEVE 
ANNUAL 
AVERAGE TN 
OF 8 MG/L 
PROCESS USED 
TO ACHIEVE 
SEASONAL TN 
OF 5 MG/L 
PROCESS USED 
TO ACHIEVE 
ANNUAL 
AVERAGE TN 
OF 5 MG/L 
DATE OF LAST 
MAJOR 
UPGRADE 
SPECIAL CONDITIONS 
Easthampton 
Wastewater 
Treatment 
Facility 
3.8 mgd 
Activated 
sludge w/ 
mechanical 
aerators 
MLE MLE Bardenpho Bardenpho 1971  
South Hadley 
Wastewater 
Treatment 
Facility 
4.2 mgd 
Activated 
sludge w/ 
mechanical 
aerators w/ 
VFDs 
Bardenpho 
with methanol 
addition(1) 
Bardenpho 
with methanol 
addition(1) 
Bardenpho 
with methanol 
addition 
Bardenpho 
with methanol 
addition 
Ongoing  
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Table 10.2-2 (continued) 
NITROGEN REMOVAL PROCESS SUMMARY 
 
POTW NAME PERMITTED CAPACITY 
OPERATIONAL 
OR LOW COST 
RETROFITS 
PROCESS USED 
TO ACHIEVE 
SEASONAL TN 
OF 8 MG/L 
PROCESS USED 
TO ACHIEVE 
ANNUAL 
AVERAGE TN 
OF 8 MG/L 
PROCESS USED 
TO ACHIEVE 
SEASONAL TN 
OF 5 MG/L 
PROCESS USED 
TO ACHIEVE 
ANNUAL 
AVERAGE TN 
OF 5 MG/L 
 SPECIAL CONDITIONS 
Chicopee River Watershed 
Palmer Water 
Pollution 
Control 
Facility 
5.6 mgd 
Activated 
sludge w/ 
coarse and fine 
bubble 
diffusers 
Bardenpho(1) Bardenpho(1) 
Bardenpho 
with methanol 
addition 
Bardenpho 
with methanol 
addition 
1994 Space-limited site 
Ware 
Wastewater 
Treatment 
Facility 
1 mgd 
Activated 
sludge w/ 
mechanical 
aerators 
MLE MLE Bardenpho Bardenpho 1983 TMDHL being established for headworks 
Millers River Watershed 
Erving Center 
Wastewater 
Treatment 
Facility 
2.7 mgd None needed - Facility is nutrient deficient 1977 95% of the incoming wastewater is from a papermill 
Deerfield River Watershed 
Greenfield 
Wastewater 
Treatment 
Facility 
3.2 mgd(2) Trickling filters 
Biological 
aerated filter 
and 
denitrification 
filter 
Biological 
aerated filter 
and 
denitrification 
filter 
Biological 
aerated filter 
and 
denitrification 
filter 
Biological 
aerated filter 
and 
denitrification 
filter 
2000 
Located in flood plain; potential 
Native American burial grounds 
on site 
Westfield River Watershed 
Westfield 
Wastewater 
Treatment 
Facility 
6.1 mgd Ludzack-Ettinger  
Bardenpho 
with IFAS and 
methanol 
addition(1) 
Bardenpho 
with IFAS(1) 
Bardenpho 
with IFAS and 
methanol 
addition(1) 
Bardenpho 
with IFAS and 
methanol 
addition(1) 
2005 Extremely space-limited site; located in floodway 
Ten Mile River Watershed 
North 
Attleborough 
Wastewater 
Treatment 
Facility 
4.61 mgd 
Currently 
achieves 
nitrogen 
removal 
MLE MLE 
Bardenpho 
with methanol 
addition 
Bardenpho 
with methanol 
addition 
1980  
Attleboro 
Wastewater 
Treatment 
Facility 
8.6 mgd 
Install timers 
for cyclical 
aeration 
MLE MLE Bardenpho 
Bardenpho 
with methanol 
addition 
2008  
Notes: 
 
1.  These facilities had assumed influent TN concentrations and were unable to use the MLE process based on these assumed TN levels 
2.  Analyses were based on a treatment capacity of 4.65 mgd since the facility is currently operating at 118% of its permitted hydraulic capacity. 
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Table 10.2-3 
FACILITY MODIFICATION AND COST SUMMARY 
 
POTW NAME OPERATIONAL OR LOW COST RETROFITS 
MODIFICATIONS TO 
ACHIEVE SEASONAL TN OF 
8 MG/L 
CAPITAL COSTS 
TO ACHIEVE 
SEASONAL TN OF 
8 MG/L 
(MILLIONS) 
MODIFICATIONS TO 
ACHIEVE ANNUAL AVERAGE 
TN OF 8 MG/L 
CAPITAL COSTS 
TO ACHIEVE 
ANNUAL TN OF 8 
MG/L (MILLIONS) 
MODIFICATIONS TO 
ACHIEVE SEASONAL TN OF 
5 MG/L 
CAPITAL COSTS 
TO ACHIEVE 
SEASONAL TN OF 
5 MG/L 
(MILLIONS) 
PROCESS USED TO 
ACHIEVE ANNUAL 
AVERAGE TN OF 5 MG/L 
CAPITAL COSTS 
TO ACHIEVE 
ANNUAL TN OF 5 
MG/L (MILLIONS) 
Blackstone River Watershed 
Upper Blackstone Water 
Pollution Abatement 
District at 56 mgd 
Ongoing upgrade to 
operate in MLE, A/O 
and A2/O modes 
Add two aeration tanks, 
IFAS in aerobic zones, and 
two new clarifiers 
$130 
Add two aeration tanks, 
IFAS in aerobic zones, and 
two new clarifiers 
$130 
Add two aeration tanks, 
IFAS in aerobic zones, two 
new clarifiers, 
denitrification filter, 
intermediate pump station, 
and methanol facility 
$180 
Add two aeration tanks, 
IFAS in aerobic zones,  
two new clarifiers, 
denitrification filter, 
intermediate pump station, 
and methanol facility 
$180 
Upper Blackstone Water 
Pollution Abatement 
District at 45 mgd (1) 
Ongoing upgrade to 
operate in MLE, A/O 
and A2/O modes 
Currently designed to achieve annual average TN of 8 mg/L and monthly limit of 8-10 mg/L 
Add one aeration tank, 
IFAS in all tanks, one 
clarifier 
$90 
Add one aeration tank, 
IFAS in all tanks, one 
clarifier 
$90 
Grafton Wastewater 
Treatment Plant None 
Add two aeration tanks, 
one clarifier, 
denitrification filter, 
intermediate pump station, 
and a methanol facility 
$28 
Add two aeration tanks, 
IFAS to all tanks, one 
clarifier, denitrification 
filter, intermediate pump 
station, and a methanol 
facility 
$41 
Add two aeration tanks, 
one clarifier, denitrification 
filter, intermediate pump 
station, and a methanol 
facility 
$28 
Add two aeration tanks, 
IFAS to all tanks, one 
clarifier, denitrification 
filter, intermediate pump 
station, and a methanol 
facility 
$41 
Northbridge Wastewater 
Treatment Plant 
Cycle aeration in SBR 
up to 1.3 mgd 
Add one SBR and a 
building to accommodate 
equipment 
$6 Add one SBR and a building to accommodate equipment $6 
Add one SBR and a 
building to accommodate 
it, a denitrification filter, 
intermediate pump station 
and a methanol facility 
$16 
Add one SBR and a 
building to accommodate 
it, a denitrification filter, 
intermediate pump station 
and a methanol facility 
$16 
Douglas Wastewater 
Treatment Facility 
Currently achieving 
some nitrogen removal Add two SBRs $4.4 Add two SBRs $4.4 Add two SBRs $4.4 Add two SBRs $4.4 
Upton Wastewater 
Treatment Facility None Add one new aeration tank $5.1 
Add one new aeration tank 
with IFAS in each tank  $7.3 
Add one new aeration tank 
and a methanol facility $5.3 
Add one new aeration tank 
with IFAS in each tank 
and a methanol facility 
$7.4 
Uxbridge Wastewater 
Treatment Facility 
Currently achieving 
some nitrogen removal Add five aeration tanks $25 
Add eight aeration tanks 
with denitrification filters, 
intermediate pump station 
and methanol facility 
$44 Add seven aeration tanks $32 
Add eight aeration tanks 
with denitrification filters, 
intermediate pump station 
and methanol facility 
$44 
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Table 10.2-3 (continued) 
FACILITY MODIFICATION AND COST SUMMARY 
 
POTW NAME OPERATIONAL OR LOW COST RETROFITS 
MODIFICATIONS TO 
ACHIEVE SEASONAL TN OF 
8 MG/L 
CAPITAL COSTS 
TO ACHIEVE 
SEASONAL TN OF 
8 MG/L 
(MILLIONS) 
MODIFICATIONS TO 
ACHIEVE ANNUAL AVERAGE 
TN OF 8 MG/L 
CAPITAL COSTS 
TO ACHIEVE 
ANNUAL TN OF 8 
MG/L (MILLIONS) 
MODIFICATIONS TO 
ACHIEVE SEASONAL TN OF 
5 MG/L 
CAPITAL COSTS 
TO ACHIEVE 
SEASONAL TN OF 
5 MG/L 
(MILLIONS) 
PROCESS USED TO 
ACHIEVE ANNUAL 
AVERAGE TN OF 5 MG/L 
CAPITAL COSTS 
TO ACHIEVE 
ANNUAL TN OF 5 
MG/L (MILLIONS) 
Hopedale Wastewater 
Treatment Facility None 
Add seven aeration tanks, 
two clarifiers and 
methanol facility 
$23 
Add eight aeration tanks, 
two clarifiers and methanol 
facility 
$25 
Add seven aeration tanks, 
two clarifiers and methanol 
facility 
$23 
Add eight aeration tanks, 
two clarifiers and 
methanol facility 
$25 
Connecticut River Watershed 
Springfield Wastewater 
Treatment Facility None 
Nitrate recycle pumps and 
other minor modifications 
to existing aeration tanks 
$4.5 
Structural modifications to 
four existing aeration tanks; 
new diffusers; nitrate recycle 
pumps; two new clarifiers 
$23 
Nitrate recycle pumps and 
other minor modifications 
to existing aeration tanks; 
two new clarifiers 
$56 
Structural modifications to 
four existing aeration 
tanks; new diffusers; 
nitrate recycle pumps; 
three new clarifiers 
$65 
Amherst Wastewater 
Treatment Plant None 
Add two aeration tanks, 
one clarifier, 
denitrification filters, 
intermediate pump station 
and methanol facility 
$48 
Add four aeration tanks, one 
clarifier, denitrification 
filters, intermediate pump 
station and methanol facility 
$61 
Add two aeration tanks, 
one clarifier, denitrification 
filters, intermediate pump 
station and methanol 
facility 
$48 
Add four aeration tanks, 
one clarifier, 
denitrification filters, 
intermediate pump station 
and methanol facility 
$61 
Northampton 
Wastewater Treatment 
Facility 
None 
50% more volume added 
to end of existing tanks; 
conversion to plug flow; 
aeration equipment; nitrate 
recycle pumps; 2 new 
clarifiers; demolition 
existing digesters 
$20 
50% more volume added to 
end of existing tanks; 
conversion to plug flow; 
aeration equipment; nitrate 
recycle pumps; IFAS 
system; one new clarifier; 
methanol feed facility; 
demolition existing digesters 
$35 
50% more volume added to 
end of existing tanks; 
conversion to plug flow; 
aeration equipment; nitrate 
recycle pumps; IFAS 
system; one new clarifier; 
methanol feed facility; 
demolition existing 
digesters 
$36 
50% more volume added 
to end of existing tanks; 
conversion to plug flow; 
aeration equipment; nitrate 
recycle pumps; IFAS 
system; two new clarifiers; 
methanol feed facility; 
demolition existing 
digesters 
$39 
Holyoke Wastewater 
Treatment Facility None 
BAFs and denitrification 
filters; methanol feed 
facility; intermediate pump 
station  
$99 
BAFs and denitrification 
filters; methanol feed 
facility; intermediate pump 
station  
$99 
BAFs and denitrification 
filters; methanol feed 
facility; intermediate pump 
station  
$99 
BAFs and denitrification 
filters; methanol feed 
facility; intermediate pump 
station  
$99 
Chicopee Wastewater 
Treatment Facility None 
IFAS system in aeration 
tanks; replace aeration 
equipment; denitrification 
filters; methanol feed 
facility; 4 new stacked 
clarifiers; intermediate 
pump station; demolition 
of old digesters 
$65 
Demolition of oxygenation 
tanks and clarifiers; 
nitrification and 
denitrification filters; 
intermediate PS; methanol 
feed facility 
$87 
IFAS system in aeration 
tanks; replace aeration 
equipment; denitrification 
filters; methanol feed 
facility; 4 new stacked 
clarifiers; intermediate 
pump station; demolition 
of old digesters 
$65 
Demolition of oxygenation 
tanks and clarifiers; 
nitrification and 
denitrification filters; 
intermediate PS; methanol 
feed facility 
$87 
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Table 10.2-3 (continued) 
FACILITY MODIFICATION AND COST SUMMARY 
 
POTW NAME OPERATIONAL OR LOW COST RETROFITS 
MODIFICATIONS TO 
ACHIEVE SEASONAL TN OF 
8 MG/L 
CAPITAL COSTS 
TO ACHIEVE 
SEASONAL TN OF 
8 MG/L 
(MILLIONS) 
MODIFICATIONS TO 
ACHIEVE ANNUAL AVERAGE 
TN OF 8 MG/L 
CAPITAL COSTS 
TO ACHIEVE 
ANNUAL TN OF 8 
MG/L (MILLIONS) 
MODIFICATIONS TO 
ACHIEVE SEASONAL TN OF 
5 MG/L 
CAPITAL COSTS 
TO ACHIEVE 
SEASONAL TN OF 
5 MG/L 
(MILLIONS) 
PROCESS USED TO 
ACHIEVE ANNUAL 
AVERAGE TN OF 5 MG/L 
CAPITAL COSTS 
TO ACHIEVE 
ANNUAL TN OF 5 
MG/L (MILLIONS) 
Easthampton 
Wastewater Treatment 
Facility 
Operate at higher SRT; 
install timers on aerators  
one new aeration tank; 
conversion of existing to 
plug flow; aeration 
equipment; nitrate recycle 
pumps 
$11 
one new aeration tank; 
conversion of existing to 
plug flow; aeration 
equipment; nitrate recycle 
pumps 
$11 
one new aeration tank; 
conversion of existing to 
plug flow; aeration 
equipment; nitrate recycle 
pumps; one new clarifier 
$13 
one new aeration tank; 
conversion of existing to 
plug flow; aeration 
equipment; nitrate recycle 
pumps; one new clarifier 
$13 
South Hadley 
Wastewater Treatment 
Facility 
Operate at higher SRT; 
utilize new VFDs to 
simulate cyclical 
aeration 
50% more bioreactor 
volume; convert two 
existing aeration tanks to 
plug flow; nitrate recycle 
pumps; aeration 
equipment; methanol feed 
facility 
$16 
50% more bioreactor 
volume; convert two 
existing aeration tanks; 
nitrate recycle pumps; 
aeration equipment; one 
clarifier; methanol feed 
facility; demolition of 
digesters 
$19 
50% more bioreactor 
volume; convert two 
existing aeration tanks; 
nitrate recycle pumps; 
aeration equipment; one 
clarifier; methanol feed 
facility; demolition of 
digesters 
$19 
50% more bioreactor 
volume; convert two 
existing aeration tanks; 
nitrate recycle pumps; 
aeration equipment; two 
clarifiers; methanol feed 
facility; demolition of 
digesters 
$22 
Chicopee River Watershed 
Palmer Water Pollution 
Control Facility 
Operate at higher SRT; 
turn off first grid of 
diffusers to create 
anoxic zones; install 
FRP baffles 
one new aeration tank; 
conversion of existing to 
plug flow; aeration 
equipment; nitrate recycle 
pumps; one new clarifier 
$18 
two new aeration tanks; 
conversion of existing to 
plug flow; aeration 
equipment; nitrate recycle 
pumps; one new clarifier 
$22 
one new aeration tank; 
conversion of existing to 
plug flow; aeration 
equipment; nitrate recycle 
pumps; one new clarifier; 
methanol feed facility 
$18 
two new aeration tanks; 
conversion of existing to 
plug flow; aeration 
equipment; nitrate recycle 
pumps; one new clarifier; 
methanol feed facility 
$23 
Ware Wastewater 
Treatment Facility 
Install timers on 
aerators for cyclical 
aeration  
Modify two existing 
aeration tanks to plug 
flow; aeration equipment; 
nitrate recycle pumps 
$6.6 
Modify two existing aeration 
tanks to plug flow; aeration 
equipment; nitrate recycle 
pumps 
$6.6 
Modify two existing 
aeration tanks to plug flow; 
aeration equipment; nitrate 
recycle pumps 
$6.6 
Modify two existing 
aeration tanks to plug 
flow; aeration equipment; 
nitrate recycle pumps 
$6.6 
Millers River Watershed 
Erving Center 
Wastewater Treatment 
Facility 
Minimal Costs - Facility is nutrient deficient 
Deerfield River Watershed 
Greenfield Wastewater 
Treatment Facility None 
BAFs and denitrification 
filters; methanol feed 
facility; intermediate pump 
station; compensatory 
storage 
$49 
BAFs and denitrification 
filters; methanol feed 
facility; intermediate pump 
station; compensatory 
storage 
$49 
BAFs and denitrification 
filters; methanol feed 
facility; intermediate pump 
station; compensatory 
storage 
$49 
BAFs and denitrification 
filters; methanol feed 
facility; intermediate pump 
station; compensatory 
storage 
$49 
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Table 10.2-3 (continued) 
FACILITY MODIFICATION AND COST SUMMARY 
 
 
 
POTW NAME 
OPERATIONAL OR LOW 
COST RETROFITS 
MODIFICATIONS TO 
ACHIEVE SEASONAL TN OF 
8 MG/L 
CAPITAL COSTS 
TO ACHIEVE 
SEASONAL TN OF 
8 MG/L 
(MILLIONS) 
MODIFICATIONS TO 
ACHIEVE ANNUAL AVERAGE 
TN OF 8 MG/L 
CAPITAL COSTS 
TO ACHIEVE 
ANNUAL TN OF 8 
MG/L (MILLIONS) 
MODIFICATIONS TO 
ACHIEVE SEASONAL TN OF 
5 MG/L 
CAPITAL COSTS 
TO ACHIEVE 
SEASONAL TN OF 
5 MG/L 
(MILLIONS) 
PROCESS USED TO 
ACHIEVE ANNUAL 
AVERAGE TN OF 5 MG/L 
CAPITAL COSTS 
TO ACHIEVE 
ANNUAL TN OF 5 
MG/L (MILLIONS) 
Westfield River Watershed 
Westfield Wastewater 
Treatment Facility None 
Modify existing three 
aeration tanks; add IFAS 
system; increase blower 
capacity; nitrate recycle 
pumps; methanol feed 
facility 
$17 
Modify existing three 
aeration tanks; add IFAS 
system; increase blower 
capacity;  nitrate recycle 
pumps; methanol feed 
facility 
$16 
Modify existing three 
aeration tanks; add IFAS 
system; increase blower 
capacity; nitrate recycle 
pumps; methanol feed 
facility 
$17 
Modify existing three 
aeration tanks; add IFAS 
system; increase blower 
capacity; nitrate recycle 
pumps; methanol feed 
facility;  
$17 
Ten Mile River Watershed 
North Attleborough 
Wastewater Treatment 
Facility 
Currently achieving 
some nitrogen removal 
Combine each set of four 
existing tanks into a single 
reactor (total of two 
modified tanks), add two 
new tanks - same size as 
modified tanks  
$19 
Combine each set of four 
existing tanks into a single 
reactor (total of two 
modified tanks), add two 
new tanks - same size as 
modified tanks  
$19 
Combine each set of four 
existing tanks into a single 
reactor (total of two 
modified tanks), add three 
new tanks - same size as 
modified tanks, add a 
methanol facility 
$26 
Combine each set of four 
existing tanks into a single 
reactor (total of two 
modified tanks), add three 
new tanks - same size as 
modified tanks, add a 
methanol facility 
$26 
Attleboro Wastewater 
Treatment Facility Cyclical aeration 
Combine each set of five 
existing tanks into a single 
reactor (total of two 
modified tanks), add three 
new tanks - same size as 
modified tanks  
$38 
Combine each set of five 
existing tanks into a single 
reactor (total of two 
modified tanks), add five 
new tanks - same size as 
modified tanks, add one new 
clarifier 
$60 
Combine each set of five 
existing tanks into a single 
reactor (total of two 
modified tanks), add six 
new tanks - same size as 
modified tanks, add one 
new clarifier 
$70 
Combine each set of five 
existing tanks into a single 
reactor (total of two 
modified tanks), add eight 
new tanks - same size as 
modified tanks, add one 
new  and a methanol 
facility 
$88 
Notes: 
 
1. The Upper Blackstone Water Pollution Abatement Facility is the only one included in this study that has undergone a recent wastewater facility plan and a current nitrogen removal upgrade at a flow that is less than the permitted capacity. 
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As shown in Table 10.2-4, many of the facilities are currently discharging less total nitrogen than 
they would be with an annual average limit of 8 mg/L and at their permitted capacity.  Overall 
the facilities are discharging 80% of the total nitrogen that would be allowed at this permit limit 
at their respective permitted annual average day capacities.  
 
Table 10.2-5 shows the costs in terms of dollars spent per pound of TN removed.  According to 
this table, the Upper Blackstone WPAD and the Northbridge Wastewater Treatment Plant are the 
most cost effective facilities to upgrade (on a dollars per pound of nitrogen removed basis), but 
this is at the permitted capacity of the respective facilities.  However, the cost of improvements 
to achieve an annual limit at the permitted flow capacity at Hopedale is quite high, with unit 
costs at over $100,000 per pound of TN removed.  But again, a check on the appropriateness of 
the use of permitted capacity, versus a more realistic design year flow should be evaluated and 
actual influent nitrogen concentrations as opposed to assumed ones should be considered.   
 
Although beyond the scope of this analysis, it is important to note that nineteen impoundments 
exist on the Blackstone River from the headwaters to the Rhode Island border and the travel time 
from the headwaters to Narragansett Bay can be up to twenty days in the summer months.  
Because of this, it is expected that some natural attenuation of total nitrogen occurs in the river 
system, primarily behind the impoundments.  So one pound of total nitrogen discharged from a 
treatment facility in Massachusetts does not equate to one pound of total nitrogen at the Rhode 
Island border or in Narragansett Bay. 
 
B. Connecticut River Watershed.  Of the twelve wastewater treatment facilities evaluated in 
the Connecticut River watershed and subwatersheds (Chicopee, Millers, Deerfield and Westfield 
Rivers), all but one, Greenfield, are operating at less than 70 percent of the permitted hydraulic 
capacity of the facility.  Greenfield is operating above its permitted capacity so it was analyzed 
based on its design average day capacity of 4.65 mgd.  One facility, Palmer, is operating at less 
than 50 percent capacity.  So, again, although this study analyzed costs to achieve the varying 
effluent TN limits at permitted capacity, expected design year (20-year) flow estimates should be 
established as a next step in refining the estimates presented herein since nine of the facilities are 
operating at less than two thirds of the permitted capacity.  The largest facility in the Connecticut 
River watershed, Springfield, represents about 50 percent of the total permitted (and current) 
flow discharged to the river. 
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Only three of the facilities (Ware, Erving Center, and Westfield) are required to nitrify 
seasonally and only Erving Center is required to achieve some level of nitrification in the winter 
months (15 mg/L).  Based on the limited plant data, it appears as though Springfield, Amherst, 
Northhampton, Holyoke, and Palmer/Monson, achieves some level of seasonal nitrification at 
current plant flows. Three facilities, Springfield, Erving Center and Westfield are currently 
achieving a TN of < 8 mg/L seasonally and Springfield and Erving Center achieve this limit year 
round at current plant flows (note Erving Center facility is nutrient limited as 95 percent of the 
incoming wastewater is from a paper mill).   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(continued) 
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Table 10.2-4 
ANNUAL MASS LOADING SUMMARY 
 
        AT PERMITTED CAPACITY 
POTW 
 
PERMITTED  
FLOW 
(MGD) 
EXISTING  
FLOW  
(2004-2006)  
(MGD) 
 
% OF  
PERMITTED 
CAPACITY 
 
CURRENT  
AVERAGE ANNUAL 
EFFLUENT TN 
(MG/L)(5) 
CURRENT 
AVERAGE ANNUAL 
EFFLUENT TN 
(LB/DAY) 
ANNUAL 
EFFLUENT  
TN LOAD AT 8 
MG/L 
(LB/DAY) 
ANNUAL 
EFFLUENT  
TN LOAD AT 5 
MG/L 
(LB/DAY) 
Blackstone River Watershed 
UBWPAD 56.0 38.2 68.2 10.7 3409 3736 2335 
Grafton 2.4 2.0 84.2 14.3 241 160 100 
Northbridge (1) 2.0 1.1 55.0 7.9 72 133 83 
Douglas (2) 0.6 0.2 35.0 5.2 9 40 25 
Upton (2) 0.4 0.2 40.0 17.5 23 27 17 
Uxbridge (2) 2.5 0.9 37.2 13.7 106 167 104 
Hopedale (3) 0.588 0.4 68.0 13.5 45 39 25 
Total 64.5 43.0 66.7 11.8 3906 4303 2689 
Connecticut River Watershed (and sub watersheds) 
Springfield 67.0 46.4 69.3 5.3 2051 4470 2794 
Amherst 7.1 4.2 59.4 14 493 474 296 
Northampton 8.6 4.6 53.5 20.8 798 574 359 
Holyoke 17.5 9.1 52.0 9.4 713 1168 730 
Chicopee (3) 15.5 10.2 65.8 20 1701 1034 646 
Easthampton (3) 3.8 2.4 63.2 13.5 270 254 158 
S. Hadley 4.2 2.9 69.0 26.4 639 280 175 
Palmer (2) 5.6 2.4 42.9 25.6 512 374 234 
Ware 1.0 0.7 67.8 15.8 89 67 42 
Erving Center 2.7 1.8 66.7 7.1 107 180 113 
Greenfield 3.2(6) 3.8 81.7 14.4 456 310 194 
Westfield 6.1 4.0 65.6 9.2 307 407 254 
Total 143.8 92.5 64.3 15.1 8137 9591 5994 
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Table 10.2-4 (continued) 
ANNUAL MASS LOADING SUMMARY 
 
        AT PERMITTED CAPACITY 
POTW 
 
PERMITTED  
FLOW 
(MGD) 
EXISTING  
FLOW  
(2004-2006)  
(MGD) 
 
% OF  
PERMITTED 
CAPACITY 
 
CURRENT  
AVERAGE ANNUAL 
EFFLUENT TN 
(MG/L)(5) 
CURRENT 
AVERAGE ANNUAL 
EFFLUENT TN 
(LB/DAY) 
ANNUAL 
EFFLUENT  
TN LOAD AT 8 
MG/L 
(LB/DAY) 
ANNUAL 
EFFLUENT  
TN LOAD AT 5 
MG/L 
(LB/DAY) 
Ten Mile River Watershed 
Attleboro (2) 8.6 3.8 43.6 21.7 679 574 359 
North 
Attleborough (4) 4.6 4.2 91.1 7.66 268 308 192 
Total 13.2 8.0 60.2 14.7 947 881 551 
Notes: 
 1. Annual average effluent TN for Northbridge estimated at 8 mg/L 
 2. Currently operating at less than 50% permitted capacity 
 3. Annual average effluent TN for Easthampton, Hopedale and Chicopee estimated at 13.5 mg/L 
 4. Currently operating at greater than 90% permitted capacity 
 5. Data is taken from Table 10.2-1.  See that table for information regarding data origin. 
6.  Analyses were based on a treatment capacity of 4.65 mgd since the facility is currently operating at 188% of its permitted hydraulic capacity 
 
 
 
 
 
 
 
 
(continued) 
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As shown in Table 10.2-3, if only seasonal limits must be achieved at the permitted flow 
capacity, total capital cost for all twelve facilities is estimated at $365 million for 8 mg/L and 
$420 million for 5 mg/L.  The estimated capital costs to achieve an annual effluent TN 
concentration of 8 mg/L annually at all twelve facilities is almost $435 million in today’s dollar. 
This costs increases to over $500 million in order to achieve an annual effluent TN concentration 
of 5 mg/L 
 
As shown in Table 10.2-4, the sum of nitrogen discharged from all facilities is currently below 
what it would be at a permit limit of 8 mg/L at the permitted flow of all facilities.  This is mostly 
due to the exceptional performance of the Springfield facility.   
 
Table 10.2-5 shows the costs in terms of dollars spent per pound of TN removed.  According to 
this analysis, it appears that the Westfield facility could achieve an annual TN limit of 8 mg/L at 
the design capacity for the lowest unit price of about $14,000/lb of nitrogen removed.  On the 
other hand, the two most expensive facilities to upgrade on dollars per pound of nitrogen 
removed basis are the Holyoke and Chicopee plants.  It should also be noted that of the twelve 
facilities, Northhampton, Holyoke and Westfield are extremely space-limited sites and another, 
Greenfield, has significant site limitations with the presence of a Native American burial ground 
and a floodplain.  But again, a check on the appropriateness of the use of permitted capacity, 
versus a more realistic design year flow should be evaluated and actual influent nitrogen 
concentrations as opposed to assumed ones should be considered.   
 
C.  Ten Mile River Watershed.   The two facilities discharging to the Ten Mile River have 
different characteristics.  The Attleboro facility is operating at about 44 percent of the total 
permitted capacity, while the North Attleborough facility is operating at over 90 percent of its 
permitted capacity.  Both are required to nitrify seasonally and the Attleboro facility is required 
to nitrify year round.  In recently issued draft permits, both plants received an 8 mg/L TN limit 
seasonally, yet it is the North Attleboro facility which, based on limited plant data, has been able 
to achieve an 8 mg/L TN limit year round. 
 
As shown in Table 10.2-3, if only seasonal limits must be achieved at the permitted flow 
capacity, total capital cost for both facilities is estimated at $60 million for 8 mg/L and $100 
million for 5 mg/L.  The estimated capital cost to achieve an annual effluent TN concentration of 
8 mg/L annually at both facilities is almost $80 million in today’s dollar. The cost increases to 
$114 million in order to achieve an annual effluent TN concentration of 5 mg/L.  Note that both 
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towns are currently exploring the most cost-effective way to achieve the draft permit limit of 8 
mg/L at current flows. 
 
As shown in Table 10.2-5, the cost to remove one pound of nitrogen at the annual average limit 
of 8 mg/L for these facilities is between $47,000 and 57,000/ lb of nitrogen removed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(continued) 
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Table 10.2-5 
COST SUMMARY 
  
POTW 
PERMITTED 
FLOW 
EXISTING FLOW 
(2004-2006) 
INFLUENT TN BASED 
ON TN/BOD RATIO 
ESTIMATED AVERAGE 
EFFLUENT TN AT PERMITTED 
COST TO ACHIEVE ANNUAL EFFLUENT TN 
LOAD AT 8 MG/L 
COST TO ACHIEVE ANNUAL 
EFFLUENT TN LOAD AT 5 MG/L 
  (MGD)  (MGD)  ((MG/L)1) CAPACITY W/O UPGRADING 
FACILITY (2) 
(MG/L) 
(1,000 $) $/LB TN REMOVED (3) (1,000 $) $/LB TN REMOVED (4) 
Blackstone River Watershed 
UBWPAD at 56 mgd 56.0 38.2 23.64 24 $130,000 $18,000 $180,000 $21,000 
UBWPAD at 45 mgd 45.0 38.2 23.64 8 to be completed in 2009 $90,000 $80,000 
Grafton 2.4 2.0 41.59 35 $41,000 $77,000 $41,000 $69,000 
Northbridge 2.0 1.1 37.56 31 $6,000 $16,000 $16,000 $37,000 
Douglas 0.6 0.2 44.33 37 $4,400 $31,000 $4,400 $28,000 
Upton 0.4 0.2 50.90 51 $7,300 $51,000 $7,400 $48,000 
Uxbridge 2.5 0.9 44.53 37 $44,000 $73,000 $44,000 $66,000 
Hopedale 0.588 0.4 57.75 48 $25,000 $128,000 $25,000 $119,000 
Subtotal or Average(5) (6) 64.5 43.0   $257,700 $56,000 $317,800 $55,000 
Connecticut River Watershed (and sub watersheds) 
Springfield 67.0 46.4 35.28 9 $23,000 $46,000 $65,000 $30,000 
Amherst 7.1 4.2 41.64 35 $61,000 $39,000 $61,000 $35,000 
Northampton 8.6 4.6 47.40 34 $35,000 $19,000 $35,000 $17,000 
Holyoke 17.5 9.1 19.08 16 $99,000 $87,000 $99,000 $63,000 
Chicopee 15.5 10.2 19.62 16 $87,000 $81,000 $87,000 $60,000 
Easthampton 3.8 2.4 31.17 26 $11,000 $19,000 $13,000 $20,000 
S. Hadley 4.2 2.9 41.58 35 $19,000 $20,000 $22,000 $21,000 
Palmer 5.6 2.4 29.26 24 $23,000 $30,000 $23,000 $26,000 
Ware 1.0 0.7 43.05 36 $6,600 $29,000 $6,600 $26,000 
Erving Center 2.7 1.8 N/A N/A $0 N/A $0 N/A 
Greenfield 3.2(7) 3.8 24.84 21 $49,000 $100,000 $49,000 $81,000 
Westfield 6.1 4.0 38.22 30 $16,000 $14,000 $28,000 $22,000 
Subtotal or Average(5) 139.1 92.5   $429,600 $44,000 $488,600 $36,000 
Ten Mile River Watershed 
Attleboro 8.6 3.8 27.47 23 $60,000 $57,000 $88,000 $69,000 
North Attleborough 4.6 4.2 22.34 19 $19,000 $47,000 $26,000 $50,000 
Subtotal or Average(5) 13.2 8.0   $79,000 $52,000 $114,000 $60,000 
Overall Total or Average(5) 216.8 143.5   $766,300 $49,000 $920,400 $45,000 
Notes:  
1.  The influent TN concentration is calculated by multiplying the 3-year average influent BOD concentration by the influent TKN/BOD ratios established for each facility in the report.  
2.  This is the estimated effluent TN at permitted flow with the existing facilities.  For most facilities, this value differs from the average 3-year influent TN concentration by the particulate TKN portion of the influent TN.   It is assumed 
that particulate TKN is 17% of the influent TN concentration and that all of it is removed with the existing processes.  For other facilities, BioWin models were run to estimate the effluent TN concentration. 
3. Based on permitted flow and the net TN yielded when 8 mg/L is subtracted from the estimated average effluent TN established for each facility. 
4.  Based on permitted flow and the net TN yielded when 5 mg/L is subtracted from the estimated average effluent TN established for each facility. 
5.   $/lb TN Removed is an average. 
6.   Does not include Upper Blackstone at 45 mgd 
7.   Analyses were based on a treatment capacity of 4.65 mgd since the facility is currently operating at 118% of its permitted hydraulic capacity. 
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10.3 NEXT STEPS 
 
The total costs to achieve annual TN limits of 8 and 5 mg/L at the twenty-one facilities evaluated 
in this report is over $750 million and $900 million, respectively, based on the assumptions made 
in this evaluation.  It should be reiterated that this analysis is conservative in that: 
 
1. Costs were based on permitted flow capacity when overall; the facilities on average 
are currently operating at only about two thirds of the hydraulic capacity. 
 
2. Annual average permit conditions were modeled as monthly limits. 
 
3. Standardized (non-site specific) approach was utilized to analyze each facility. 
 
It also should be reiterated that the simulation results are based on non-calibrated models since 
no characterization (such as COD fractions, BOD to COD ratio, and ammonia fraction of TKN) 
of plant influent was completed.  In addition, limited nitrogen data was available, so most 
simulations are based on assumed data. 
 
In moving forward with the results of this report the following should be considered: 
 
1. Truth check on permitted capacity.  Due to the exodus of many large water use 
industries in the watersheds analyzed, the permitted capacity of many of the facilities 
is well above a twenty year projected flow in the service area.  Needs analyses should 
be performed and modeling re-run based on both current and more realistic design 
year flows. 
 
2. Facilities should be encouraged to increase sampling of nitrogen components in 
influent, primary effluent and final effluent to get a better understanding of the 
constituent profile across the plant.  These parameters include TKN, ammonia, 
nitrate, and nitrite.  Characterization of the influent should also be done so that this 
data can then be used in conjunction with the nitrogen series in the BioWin 
simulations to reduce the need to use default values in the modeling. 
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3. Further investigation of conversion of a conventional activated sludge process to an 
MLE process to achieve seasonal or year-round nitrogen removal at both current and 
more realistic design year treatment plant flows within existing and/or new tankage.  
 
4. Nitrogen trading with the watersheds. 
 
5. Obtaining a better understanding of the fate and transport of total nitrogen discharged 
from POTWs in Massachusetts on Long Island Sound and Narragansett Bay. 
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1545 Iyannough Road, Route 132 
Hyannis, MA  02601-1840 
tel: 508-362-5680 
fax: 508-362-5684 
DATA GATHERING REQUEST FORM 
PROJECT NAME:  Engineering Feasibility and Cost Analyses of Nitrogen Reduction from 
Selected POTWs in Massachusetts 
 
We have been commissioned by the State of Massachusetts Department of Environmental 
Protection (MassDEP) to conduct the above referenced project.  The following is a list of 
information that we have been asked to obtain regarding your treatment plant. The 
information can be hard copy, but electronic files are preferred, if available. Electronic items 
can be put on CD and mailed to CDM at the address included in the letterhead, Attention: 
Marc Drainville, or emailed to mrdrainville@stearnswheler.com. For large items such as plans or 
reports, we will borrow them, make copies and return them.  
 
The typical information needed is: 
 
1. DMR reports from January 2004 through December 2006. 
 
2. Three years of process data that you collect that may not be reported on the DMRs, for 
example: 
 
a. COD data, if collected 
b. Influent temperature 
c. Primary effluent/ secondary influent parameters (BOD, TSS, Nitrogen, etc) 
d. Alkalinity 
e. Typical MLSS and MLVSS maintained in aeration basins (for activated sludge 
plant) 
f. Typical RAS rates 
g. Sludge wasting rates 
h. Total plant sludge production 
 
3. Operating cost data: 
 
a. Cost of electricity (copy of electric bill is fine) 
b. Chemical costs 
c. Sludge disposal costs 
 
4. Drawings of plant site plan, hydraulic profile and process flow schematic. 
 
5. Drawings of process tanks and equipment or a copy of a previous engineering report 
that summarizes tank & equipment sizes. 
MassDEP letter attachment - S&W.doc 
 
One Cambridge Place, 50 Hampshire Street 
Cambridge, Massachusetts 02139 
tel: 617 452-6000 
fax: 617 452-8000 
DATA GATHERING REQUEST FORM 
PROJECT NAME:  Engineering Feasibility and Cost Analyses of Nitrogen Reduction from 
Selected POTWs in Massachusetts 
 
We have been commissioned by the State of Massachusetts Department of Environmental 
Protection (MassDEP) to conduct the above referenced project.  The following is a list of 
information that we have been asked to obtain regarding your treatment plant. The 
information can be hard copy, but electronic files are preferred, if available. Electronic items 
can be put on CD and mailed to CDM at the address included in the letterhead, Attention: 
Maureen Neville, or emailed to nevillemd@cdm.com. For large items such as plans or reports, 
we will borrow them, make copies and return them.  
 
The typical information needed is: 
 
1. DMR reports from January 2004 through December 2006. 
 
2. Three years of process data that you collect that may not be reported on the DMRs, for 
example: 
 
a. COD data, if collected 
b. Influent temperature 
c. Primary effluent/ secondary influent parameters (BOD, TSS, Nitrogen, etc) 
d. Alkalinity 
e. Typical MLSS and MLVSS maintained in aeration basins (for activated sludge 
plant) 
f. Typical RAS rates 
g. Sludge wasting rates 
h. Total plant sludge production 
 
3. Operating cost data: 
 
a. Cost of electricity (copy of electric bill is fine) 
b. Chemical costs 
c. Sludge disposal costs 
 
4. Drawings of plant site plan, hydraulic profile and process flow schematic. 
 
5. Drawings of process tanks and equipment or a copy of a previous engineering report 
that summarizes tank & equipment sizes. 
MassDEP letter attachment - CDM.doc 
  
INTERVIEW QUESTIONS
 
PROJECT NAME:  Engineering Feasibility and Cost Analyses of Nitrogen reduction from Selected 
POTWs in Massachusetts 
PROJECT COMMISSIONED BY:  MADEP 
 
 
1. Request information about plant history (when first constructed, dates of upgrades). 
 
 
2. What is the sewer service area?  Are there any expected major flow increases? 
 
 
3. Request information regarding plant staffing (number of employees, duties, any contract 
operations). 
 
 
4. Request information regarding operating mode (number of tanks in service, etc). 
 
 
5. Ask if there are any concrete plans to use any existing unused areas on the site? 
 
 
6. Ask about operating concerns or problems (high flows, high loads, industrial flows, etc). 
 
 
7. Ask if there are any upgrades that are currently in study or design phase? 
 
 
8. Does facility currently nitrify in the winter even if not required (or is nitrification 
suppressed by taking tanks out of service)? 
 
 
9. What kind of foundations are predominant on the site (piles, etc)? 
 
 
10. Where are the samplers at the facility?  Does the influent sampler include all in-plant 
recycle flows? 
 
11. Take Photos of plant (sign, overview, etc). 
J:\60000\61265 MADEP\Wordproc\Report - Final verson 2\Appendices\Apendix A\interview.doc 
Appendix B 
 Site Visit Interviews 
 
1545 Iyannough Road, Route 132 
Hyannis, MA  02601-1840 
tel: 508-362-5680 
fax: 508-362-5684 
SITE VISIT – AMHERST, MA WPCF 5/1/07 
 
Interview Questions: 
 
1. Request information about plant history (when first constructed, dates of upgrades). 
Plant started in the 1930s as a primary treatment facility.  Current facility went on line 
January 2, 1979.  They decommissioned dissolved air flotation and vacuum filtration in 
1993 when they started thickening and hauling to Fitchburg. 
 
2. What is the sewer service area?  Are there any expected major flow increases? 
The sewer service area is exclusively within Amherst.  No major expansion of the 
collection system is expected.   
 
About 1.3 or the 4.2 mgd comes from UMASS. 
 
3. Request information regarding plant staffing (number of employees, duties, any 
contract operations?) 
There are thirteen employees for the wastewater facility and collection system 
(including an administrator).  
 
4. Request information regarding operating mode (number of tanks in service, etc).  
They run three aerators in the summer and in January.  They run four aerators the rest 
of the year.  They run six aerators during wet weather (and could run just 2 during very 
dry weather). 
 
Seasonal load variations can even cause adjustments to tanks in use on long weekends. 
 
5. Ask if there are any concrete plans to use any existing unused areas on the site? 
No plans to use other portions of the site.  The plant lies within Hadley.  
 
6. Ask about operating concerns or problems (high flows, high loads, industrial flows, 
etc). 
They have a very old collection system (1880s), but they reduced I/I by about 1 mgd 8-
10 yrs ago. 
 
No high load issues.  There is no industry in the service area. 
 
7. Ask if there are any upgrades that are currently in study or design phase? 
No studies or design. 
 
8. Does facility currently nitrify in the winter even if not required (or is nitrification 
suppressed by taking tanks out of service). 
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Yes they nitrify at times.  They do not suppress. 
 
9. What kinds of foundations are predominant on the site (piles, etc). 
No special foundations. 
 
10. Where are the samplers at the facility?  Does the influent sampler include all in-plant 
recycle flows? 
 Recycle flows are introduced after influent sampling.    
 The effluent sampler is located after disinfection 
 
11. Take Photos of plant (sign, overview, etc). 
Digital pictures were taken of the facility the day of the site visit.   
 
Requested information: 
 
1. DMR reports from January 2004 through December 2006. 
Electronic copies of DMR data were provided.  Effluent nitrogen data is collected. 
 
2. Three years of process data that you collect that may not be reported on the DMRs, 
for example: 
 
a. COD data, if collected 
None taken. 
 
b. Influent temperature 
This data is collected. 
 
c. Primary effluent/ secondary influent parameters (BOD, TSS, Nitrogen, etc) 
This data is collected. 
 
d. Alkalinity 
None taken. 
 
e. Typical MLSS and MLVSS maintained in aeration basins (for activated 
sludge plant). 
This data is collected. 
 
f. Typical RAS rates. 
This data is collected. 
 
g. Sludge wasting rates. 
This data is collected. 
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h. Total plant sludge production. 
Total monthly sludge production is provided. 
  
3. Operating cost data: 
 
a. Cost of electricity 
Electric bills were provided 
 
b. Chemical costs 
Chemical bills were provided 
 
c. Sludge disposal costs 
Sludge disposal costs were provided. 
 
4. Drawings of plant site plan, hydraulic profile and process flow schematic. 
Plant drawings were provided. 
 
5. Drawings of process tanks and equipment or a copy of a previous engineering 
report that summarizes tank & equipment sizes. 
Plant drawings were provided. 
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1545 Iyannough Road, Route 132 
Hyannis, MA  02601-1840 
tel: 508-362-5680 
fax: 508-362-5684 
SITE VISIT – ATTLEBORO, MA WPCF 4/24/07 
 
Interview Questions: 
 
1. Request information about plant history (when first constructed, dates of upgrades). 
Prior to 1980, the Attleboro treatment facility was a trickling filter plant.  The current 
plant was constructed in 1980. 
 
2. What is the sewer service area?  Are there any expected major flow increases? 
The sewer service area is exclusively within Attleboro.  Septage is collected from North 
Seekonk, Attleboro, and some form North Attleboro.  Seekonk could possibly tie into 
the plant in the future. 
 
3. Request information regarding plant staffing (number of employees, duties, any 
contract operations?) 
The facility has 30 employees including 26 working at the plant site and four working 
the collection system. 
 
4. Request information regarding operating mode (number of tanks in service, etc).  
The first stage system is not used.  They use the second stage – 2 clarifiers normally, but 
three in wet weather. 
 
5. Ask if there are any concrete plans to use any existing unused areas on the site? 
The south end of the site is designated for a future landfill.  Available areas include the 
current contractor staging area, area toward Ten Mile River, and the area to the west 
toward the leaf recycling area.  
 
6. Ask about operating concerns or problems (high flows, high loads, industrial flows, 
etc). 
They do get I/I (estimated to be about 1 mgd).  There are 30-32 indutrial discharges. 
 
On occasion they get an unexplained substance that impacts nitrification (white 
substance). 
 
Water plant discharges a slug load every 6 hrs. 
 
7. Ask if there are any upgrades that are currently in study or design phase? 
Currently undergoing an upgrade that should be done by fall of 2007.  The upgrade 
includes all new equipment and a SCADA upgrade. 
 
No other studies. 
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8. Does facility currently nitrify in the winter even if not required (or is nitrification 
suppressed by taking tanks out of service). 
Yes 
 
9. What kinds of foundations are predominant on the site (piles, etc). 
No special foundation conditions. 
 
10. Where are the samplers at the facility?  Does the influent sampler include all in-plant 
recycle flows? 
 All recycle flows at the plant combine with plant influent prior to sampling.  
Thus, the influent sampler collects samples that include recycle flows. 
 The effluent sampler is located in the filter building prior to disinfection 
 
11. Take Photos of plant (sign, overview, etc). 
Digital pictures were taken of the facility the day of the site visit.   
 
Requested information: 
 
1. DMR reports from January 2004 through December 2006. 
Electronic copies of DMR data were provided.  Various influent and effluent nitrogen data 
is collected. 
 
2. Three years of process data that you collect that may not be reported on the DMRs, 
for example: 
 
a. COD data, if collected 
None taken. 
 
b. Influent temperature 
This data is collected. 
 
c. Primary effluent/ secondary influent parameters (BOD, TSS, Nitrogen, etc) 
This data is collected. 
 
d. Alkalinity 
None taken. 
 
e. Typical MLSS and MLVSS maintained in aeration basins (for activated 
sludge plant). 
This data is collected. 
 
f. Typical RAS rates. 
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This data is collected. 
 
g. Sludge wasting rates. 
This data is collected. 
 
h. Total plant sludge production. 
Total monthly sludge production is provided. 
  
3. Operating cost data: 
 
a. Cost of electricity 
Electric bills were provided 
 
b. Chemical costs 
Chemical bills were provided 
 
c. Sludge disposal costs 
Sludge disposal costs were provided. 
 
4. Drawings of plant site plan, hydraulic profile and process flow schematic. 
Plant drawings were provided. 
 
5. Drawings of process tanks and equipment or a copy of a previous engineering 
report that summarizes tank & equipment sizes. 
Plant drawings were provided. 
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One Cambridge Place, 50 Hampshire Street 
Cambridge, Massachusetts 02139 
tel: 617 452-6000 
fax: 617 452-8000 
SITE VISIT – CHICOPEE, MA WPCF 3/13/07 
 
Interview Questions: 
 
1. Request information about plant history (when first constructed, dates of upgrades). 
The first phase of the facility was built in 1970, and was comprised of a 7.75 mgd 
primary treatment plant.  The second phase upgraded the plant to a 15.5 mgd, pure 
oxygen secondary treatment facility in 1977.  Filter presses were added in the 1980s; one 
in 1985, and two in 1989.  A new oxygen compressor, new sludge conveyors, a new 
sludge garage, and new support equipment were also added in 1989. A 15 MGD CSO 
facility was completed on or about July 2006, R.H White was the contractor.  
 
2. What is the sewer service area?  Are there any expected major flow increases? 
The sewer service area encompasses all of Chicopee and very small parts of two 
neighboring towns – Granby and South Hadley.  Approximately 5% of the influent flow 
is from industrial sources.  Industrial flow is not expected to increase, and could 
potentially decrease if the industries leave the area.   Current ADF is 9.5 mgd.  There are 
no other expected major flow increases. 
 
3. Request information regarding plant staffing (number of employees, duties, any 
contract operations?) 
There is a total of 36 staff employed by the facility.  These include specialists for the 
collection system (6), flood control (3), CSO facility (1), and industrial pre-treatment (3), 
in addition to actual plant staff (26). 
 
4. Request information regarding operating mode (number of tanks in service, etc).  
There are 8 rectangular primary clarifiers (all in use), 2 pure oxygen aeration tanks (1 in 
use – alternate every few years), 4 square clarifiers with circular mechanisms (all in use).  
The 2 exterior sludge storage/thickening tanks and the 2 incinerators are not in use 
(never been used due to broken pipes).  There are 4 interior sludge thickeners, 3 of 
which were in use during the site visit as one was being painted.  Typically, all 4 are in 
service.   
 
Oxygen is made on-site.  Liquid oxygen comes on automatically when oxygen supply is 
low.  Very little sludge is actually under aeration; therefore RAS has very low DO.  
MLSS DO is typically 10-15 mg/L.   
 
Ferric is added to headworks for phosphorus removal (seasonally, 50-100 gpd), as well 
as to the discharge of the screw pump lift station for better sludge blanket control (most 
of the year, 50-350 gpd). 
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PACl is added in winter and during rain events when turbidity is high to the 3rd 
chamber of the aeration basin (200-400 gpd). 
 
KMnO4 is added before the centrifuges to aid in dewatering. 
 
There are no gates on the aeration basins.  This limits flexibility.   
 
RAS returns to a single point; WAS can be wasted directly from the tanks or from the 
RAS line. 
 
Sludge is thickened in thickeners and dewatered with a centrifuge.  Cake is trucked to a 
landfill in ME. 
 
5. Ask if there are any concrete plans to use any existing unused areas on the site? 
There are no plans for unused areas on site.  A possible area that could be modified for 
changes in use is the location of the abandoned sludge storage/thickening tanks on the 
east side of the site.  There is also a parcel of land owned by the power company 
between the river access road and RT 90 that is vacant. 
 
6. Ask about operating concerns or problems (high flows, high loads, industrial flows, 
etc). 
The Parshall flume is calibrated to 40 mgd.  The plant can handle up to 25 mgd through 
one tank of the secondary system, and pass 15 mgd total through the CSO facility.  The 
head operator estimated that the maximum capacity of both systems is around 49-50 
mgd.  The CSO facility consists of 1 tank rated for 15 mgd. Diversion to the CSO unit is 
accomplished by maintaining 25 mgd to the secondary system with the rest moving 
through the CSO unit.  Currently, the average flow is 9.5 mgd.   
 
7. Ask if there are any upgrades that are currently in study or design phase? 
There are no upgrades proposed for the Chicopee facility. 
 
8. Does facility currently nitrify in the winter even if not required (or is nitrification 
suppressed by taking tanks out of service). 
The facility does not need to nitrify. 
 
9. What kinds of foundations are predominant on the site (piles, etc). 
All structures are on footings – nothing is on piles. 
 
10. Where are the samplers at the facility?  Does the influent sampler include all in-plant 
recycle flows? 
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 The influent composite sampler is located immediately before the bar rack, and 
does not include recycled flows;  
 the Parshall flume is located downstream of the primary clarifiers, and does 
included recycled flows;  
 the primary effluent sampler is located at the screw pump lifts, and does include 
recycled flows;  
 the secondary effluent sampler is located immediately upstream of the chlorine 
contact tank, and does included recycled flows. 
 
 
11. Take Photos of plant (sign, overview, etc). 
Digital pictures were taken of the facility the day of the site visit.  Also, an aerial 
photograph was scanned and provided. 
 
Requested information: 
 
1. DMR reports from January 2004 through December 2006. 
DMR data provided electronically.  Effluent nitrogen data collected occasionally. 
 
2. Three years of process data that you collect that may not be reported on the DMRs, 
for example: 
 
a. COD data, if collected 
None taken. 
 
b. Influent temperature 
Temperature data is collected 5 Days/week.  Data can be found in the 
spreadsheet provided. 
 
c. Primary effluent/ secondary influent parameters (BOD, TSS, Nitrogen, etc) 
Year-round BOD and TSS primary effluent data is collected 5 days a week, and 
can be found in the spreadsheet provided.  Primary effluent nitrogen data was 
not provided.  Influent monthly composite nitrogen species data (of a total of 
36 months)– 12 ammonia data points, 12 TKN data points; secondary effluent 
monthly composite nitrogen species data points – 22 ammonia, 25 TKN,  21 
nitrate, 11 TN, 11 nitrite+nitrate.  As the ammonia data points are often an 
order of magnitude lower for influent than effluent data taken for the same 
date, we have no confidence in the nitrogen data.  
 
d. Alkalinity 
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Influent alkalinity data is collected year round, 5 days a week; primary and 
secondary alkalinity data is collected only in the summer, 5 days/week. 
 
e. Typical MLSS and MLVSS maintained in aeration basins (for activated 
sludge plant). 
MLSS and MLVSS data is collected 5 days a week (spreadsheet). 
 
f. Typical RAS rates. 
RAS rates are collected 5 days/week (spreadsheet). 
 
g. Sludge wasting rates. 
Sludge wasting rates are collected 5 days/week (spreadsheet). 
 
h. Total plant sludge production. 
Total monthly sludge production is provided in the printout. 
  
3. Operating cost data: 
 
a. Cost of electricity (copy of electric bill is fine) 
8 electric bill copies provided – 8/06 through 3/07 (Chicopee Electric Light) 
 
b. Chemical costs 
Detailed chemical requirements and dosing rates and costs provided for ferric. 
 
c. Sludge disposal costs 
Sludge disposal cost provided for 2000 through 2006 (printout). 
 
4. Drawings of plant site plan, hydraulic profile and process flow schematic. 
11 x 17 site layout, process flow diagram, hydraulic profile, and aerial photo provided. 
 
5. Drawings of process tanks and equipment or a copy of a previous engineering 
report that summarizes tank & equipment sizes. 
Tank and equipment size sheet provided. 
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1545 Iyannough Road, Route 132 
Hyannis, MA  02601-1840 
tel: 508-362-5680 
fax: 508-362-5684 
SITE VISIT – DOUGLAS, MA WPCF 5/3/07 
 
Interview Questions: 
 
1. Request information about plant history (when first constructed, dates of upgrades). 
Original plant was built in 1972.  This plant was taken out of service and replaced by a 
new facility on December 3, 2005.  
 
2. What is the sewer service area?  Are there any expected major flow increases? 
The sewer service area is exclusively within Douglas (except a convenience/gas station 
in Uxbridge).  No major expansion of the collection system is planned, but once project 
is done, sewer moratorium will likely be lifted.   
 
3. Request information regarding plant staffing (number of employees, duties, any 
contract operations?) 
There are two employees that cover the plant and collection system (four pump 
stations). 
 
4. Request information regarding operating mode (number of tanks in service, etc).  
They have 3 SBRs, but use only 2. 
 
5. Ask if there are any concrete plans to use any existing unused areas on the site? 
No plans to use other portions of the site.   
 
6. Ask about operating concerns or problems (high flows, high loads, industrial flows, 
etc). 
They do have some I/I. 
 
There is no industry nor high load issues. 
 
7. Ask if there are any upgrades that are currently in study or design phase? 
No studies or design. 
 
8. Does facility currently nitrify in the winter even if not required (or is nitrification 
suppressed by taking tanks out of service). 
Yes they nitrify at times.  They do not suppress.  They add alkalinity. 
 
9. What kinds of foundations are predominant on the site (piles, etc). 
No special foundations. 
 
10. Where are the samplers at the facility?  Does the influent sampler include all in-plant 
recycle flows? 
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 Recycle flows are introduced after influent sampling.   They do not accept 
septage. 
 The effluent sampler is located after disinfection 
 
11. Take Photos of plant (sign, overview, etc). 
Digital pictures were taken of the facility the day of the site visit.   
 
Requested information: 
 
1. DMR reports from January 2004 through December 2006. 
Electronic copies of DMR data were provided.  Effluent nitrogen data is collected. 
 
2. Three years of process data that you collect that may not be reported on the DMRs, 
for example: 
 
a. COD data, if collected 
None taken. 
 
b. Influent temperature 
This data is collected. 
 
c. Primary effluent/ secondary influent parameters (BOD, TSS, Nitrogen, etc) 
N/A. 
 
d. Alkalinity 
None taken. 
 
e. Typical MLSS and MLVSS maintained in aeration basins (for activated 
sludge plant). 
This data is collected. 
 
f. Typical RAS rates. 
This data is collected. 
 
g. Sludge wasting rates. 
This data is collected. 
 
h. Total plant sludge production. 
Total monthly sludge production is provided. 
  
3. Operating cost data: 
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a. Cost of electricity 
Electric bills were provided 
 
b. Chemical costs 
Chemical bills were provided 
 
c. Sludge disposal costs 
Sludge disposal costs were provided. 
 
4. Drawings of plant site plan, hydraulic profile and process flow schematic. 
Plant drawings were provided. 
 
5. Drawings of process tanks and equipment or a copy of a previous engineering 
report that summarizes tank & equipment sizes. 
Plant drawings were provided. 
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One Cambridge Place, 50 Hampshire Street 
Cambridge, Massachusetts 02139 
tel: 617 452-6000 
fax: 617 452-8000 
SITE VISIT – EASTHAMPTON, MA WPCF 4/26/07 
 
Interview Questions: 
 
1. Request information about plant history (when first constructed, dates of upgrades). 
The original plant consisted of two primary clarifiers, a primary and a secondary 
digester and sludge drying beds. The first upgrade was performed in 1971, and 
consisted of adding a grit chamber and comminutors, two additional primary clarifiers, 
two aeration tanks, conversion of the digesters/gravity thickeners (one is usually used 
for storage), and adding the chlorine contact chamber.  The lagoons as called for in the 
1971 upgrade plans were never constructed.  There are no coil filters.  In the early 1980’s, 
a 2-m belt filter press was installed.  There were further sludge processing upgrades in 
2001, as well as secondary clarifier (rake arm replacement) and thickener upgrades. 
 
2. What is the sewer service area?  Are there any expected major flow increases? 
The sewer service area is located entirely within Easthampton.  There are no CSOs.   
There are three significant, one categorical and three fats, oils and grease (FOG) 
dischargers.  Total industrial contribution is less than 10%.  There are no expected flow 
increases. 
 
3. Request information regarding plant staffing (number of employees, duties, any 
contract operations?) 
A recent facility staffing report was obtained.  There are currently 9 employees, 
including the chief operator, assistant chief operator, 2 shift operators, a shift 
operator/pump station operator, a shift operator/pretreatment coordinator, a mechanic, 
a repairman, and an attendant. 
 
4. Request information regarding operating mode (number of tanks in service, etc).  
Under normal operation, all four primaries, one of two aeration tanks, and both 
secondary clarifier are online.   
 
Dry weather flows average 1.5 mgd; wet weather flows are typically 4 mgd.  Permitted 
flow is 3.8 mgd. 
 
The MLSS is typically 1500 – 2000 mg/L. 
 
Sludge withdrawal from the secondary clarifiers is from the center of the clarifier at 
1.5%.  RAS is pulled from the RAS box.  RAS concentration ranges from 4,000-4,500 
mg/L.   
 
Sludge dewatering occurs 5 days a week, 8 hours a day.  Sludge is stored in one of the 
gravity thickeners.  Each thickener is used for storage on alternate years.  Sludge is 
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trucked to Synagro.  There is no odor control on the thickener, but sodium chlorite 
and/or potassium permanganate is used for odor control with good results and no 
odors.  Polymer is used to aid in dewatering. 
 
The septage brought to the plant is from local schools at a rate of ~ 4,000 gallons four 
times per year.  Additional septage from other sources is approximately 10,000 gallons 
per year. 
 
Waste rates for 2004 are invalid as there was no flow meter for this period. 
 
5. Ask if there are any concrete plans to use any existing unused areas on the site? 
There are no plans to use existing unused areas on the site.  The current fence line is 
representative of site limits.   
 
6. Ask about operating concerns or problems (high flows, high loads, industrial flows, 
etc).   
To handle sustained high flows, the second aeration tank is used as an overflow tank.  
The facility has a high flow operating protocol in order to keep more solids in the 
system and not in the secondary clarifiers.  If washout occurs, it can take a long time to 
build up the sludge inventory. With high flows, the facility sees the proliferation of 
filamentous organisms.  The facility was chlorinating the RAS between January and the 
time of the visit, as SVIs had reached 200.  The SVI at the time of the visit was 140. 
 
With flows up to 3.8 mgd, effluent is discharged to the Connecticut River.  Higher flows 
are diverted to the Manhan River. 
 
The facility does not use D.O. probes, but prefers other methods, which are employed to 
monitor D.O. 2x per day.  Dissolved oxygen is maintained at 1.5 mg/L.  The mechanical 
aerators are on VFDs.  Adjustments are made throughout the season.   
 
The facility would like a larger chlorine contact tank, as residuals were high with the use 
of chlorine gas.  Liquid sodium hypochlorite lowered residuals, but the cost is of 
concern.   
 
7. Ask if there are any upgrades that are currently in study or design phase? 
There are no current upgrades planned.  There has been and will continue to be I/I 
reduction studies/work.  The 16 pump stations are currently being worked on. 
 
8. Does facility currently nitrify in the winter even if not required (or is nitrification 
suppressed by taking tanks out of service). 
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Sludge disposal numbers between May and October will demonstrate nitrification, and 
the facility is definitely nitrifying in the winter.  There are no ammonia limits.  
 
9. What kinds of foundations are predominant on the site (piles, etc). 
Unknown. 
 
10. Where are the samplers at the facility?  Does the influent sampler include all in-plant 
recycle flows? 
 The influent sampler is located in the headworks building, and does not include 
side stream flows. 
 The primary effluent includes side stream loads (gravity thickener supernatant 
and belt filter press filtrate), but not side stream flows.  Primary effluent samples 
are collected only 3 times per week, and are flow proportional composites. 
 Effluent flow rate is monitored to both the Connecticut and Manhan River. 
 
11. Take Photos of plant (sign, overview, etc). 
Photos were not taken.  A second site visit will be schedule to take photos. 
 
Requested information: 
 
1. DMR reports from January 2004 through December 2006. 
DMRs were provided. 
 
2. Three years of process data that you collect that may not be reported on the DMRs, 
for example: 
 
a. COD data, if collected 
Not collected. 
 
b. Influent temperature 
Monthly average temperatures provided. 
 
c. Primary effluent/ secondary influent parameters (BOD, TSS, Nitrogen, etc) 
5x/week influent & effluent, and 3x/week BOD and TSS data provided; daily 
process data provided. Very limited effluent nitrogen data provided.  Septage 
data provided. 
 
d. Alkalinity 
Unknown. 
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e. Typical MLSS and MLVSS maintained in aeration basins (for activated 
sludge plant). 
Daily MLSS and MLSS data provided. 
 
f. Typical RAS rates. 
Daily RAS rates provided. 
 
g. Sludge wasting rates. 
Daily WAS rates provided. 
 
h. Total plant sludge production. 
Monthly tonnage provided. 
3. Operating cost data: 
 
a. Cost of electricity (copy of electric bill is fine) 
Detailed monthly electricity usage and costs provided. 
 
b. Chemical costs 
Detailed monthly chemical costs provided. 
 
c. Sludge disposal costs 
Detailed sludge disposal costs provided. 
 
4. Drawings of plant site plan, hydraulic profile and process flow schematic. 
Site plan, hydraulic profile, and process flow diagram provided. 
 
5. Drawings of process tanks and equipment or a copy of a previous engineering 
report that summarizes tank & equipment sizes. 
Equipment and tank summary provided, as well as aeration tank drawings. 
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1545 Iyannough Road, Route 132 
Hyannis, MA  02601-1840 
tel: 508-362-5680 
fax: 508-362-5684 
SITE VISIT – ERVING CENTER, MA WPCF 5/1/07 
 
Interview Questions: 
 
1. Request information about plant history (when first constructed, dates of upgrades). 
The plant went online in 1977.  Various equipment additions and replacements have 
occurred since then. 
 
2. What is the sewer service area?  Are there any expected major flow increases? 
Over 95% of the flow comes from a local papermill (Irving Papermill operated by Irving 
Industries).  The rest of the flow is domestic waste (including 1 million gallons of 
septage permonth).  No plans to add flow to the plant. 
 
3. Request information regarding plant staffing (number of employees, duties, any 
contract operations?) 
The facility includes eight employees (including a ½ time lab tech).  They have no 
collection system responsibilities (Town is responsible for that). 
 
4. Request information regarding operating mode (number of tanks in service, etc).  
The plant is nutrient deficient and thus they have to add urea and diammonium 
phosphate to add nitrogen and phosphorus into the system. 
 
They use 3 million gallons of the 10 million gallon lagoon volume. 
 
5. Ask if there are any concrete plans to use any existing unused areas on the site? 
They have proposals to increase ability of plant to take in more waste, but this work is 
on hold. 
 
6. Ask about operating concerns or problems (high flows, high loads, industrial flows, 
etc). 
Consistent flow and load (due to most flow coming from papermill). 
 
7. Ask if there are any upgrades that are currently in study or design phase? 
See #5 above. 
 
8. Does facility currently nitrify in the winter even if not required (or is nitrification 
suppressed by taking tanks out of service). 
N/A. 
 
9. What kinds of foundations are predominant on the site (piles, etc). 
No special foundations. 
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10. Where are the samplers at the facility?  Does the influent sampler include all in-plant 
recycle flows? 
 All recycle flows at the plant are introduced before influent sampling.    
 The effluent sampler is located after disinfection 
 
11. Take Photos of plant (sign, overview, etc). 
Digital pictures were taken of the facility the day of the site visit.   
 
Requested information: 
 
1. DMR reports from January 2004 through December 2006. 
Limited data provided because plant is not useful to current study. 
 
2. Three years of process data that you collect that may not be reported on the DMRs, 
for example: 
 
a. COD data, if collected 
b. Influent temperature 
c. Primary effluent/ secondary influent parameters (BOD, TSS, Nitrogen, etc) 
d. Alkalinity 
e. Typical MLSS and MLVSS maintained in aeration basins (for activated 
sludge plant). 
f. Typical RAS rates. 
g. Sludge wasting rates. 
h. Total plant sludge production. 
 
Data is not useful to study because they add nutrients to the plant. 
  
3. Operating cost data: 
 
a. Cost of electricity 
b. Chemical costs 
c. Sludge disposal costs 
 
Data is not useful to study because they add nutrients to the plant. 
 
4. Drawings of plant site plan, hydraulic profile and process flow schematic. 
None provided. 
 
5. Drawings of process tanks and equipment or a copy of a previous engineering 
report that summarizes tank & equipment sizes. 
None provided. 
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1545 Iyannough Road, Route 132 
Hyannis, MA  02601-1840 
tel: 508-362-5680 
fax: 508-362-5684 
SITE VISIT – GRAFTON, MA WPCF 4/10/07 
 
Interview Questions: 
 
1. Request information about plant history (when first constructed, dates of upgrades). 
The facility was originally constructed in 1979 as a secondary treatment facility.  The 
major changes that have occurred on the site since it was constructed is the sludge 
processing facilities are no longer used.   
 
2. What is the sewer service area?  Are there any expected major flow increases? 
Service area includes Grafton and one building in Shrewsbury.  No major extensions 
expected outside of private developments. 
 
Leachate is accepted from Southbridge landfill. 
 
Septage accepted form Westborough, Northboro, and Grafton. 
 
3. Request information regarding plant staffing (number of employees, duties, any 
contract operations?) 
There are five employees at the facility plus a summer laborer.  This group serves the 
plant, pump stations and collection system. 
 
4. Request information regarding operating mode (number of tanks in service, etc).  
For the past two years, all tanks have been on line at the request of EPA. 
 
The plant adds lime for alkalinity and ferric chloride for phosphorus removal. 
 
WAS is sent to the primary for co-settling. 
 
5. Ask if there are any concrete plans to use any existing unused areas on the site? 
The available areas onsite are for plant expansion. 
 
6. Ask about operating concerns or problems (high flows, high loads, industrial flows, 
etc). 
The plant does see high flows due to inflow.  They see high loads form time to time.  
They receive 40,000 gpd from Wyman Gordon (airplane parts) which includes 
Aluminum, Cadmium and Molybdenum from the rinse tanks. 
 
7. Ask if there are any upgrades that are currently in study or design phase? 
A study is underway to explore plant expansion.   
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8. Does facility currently nitrify in the winter even if not required (or is nitrification 
suppressed by taking tanks out of service). 
The facility always operates with two tanks in service. 
 
9. What kinds of foundations are predominant on the site (piles, etc). 
The main building on site has piles.  Tanks do not have piles (flap – check – valves). 
 
10. Where are the samplers at the facility?  Does the influent sampler include all in-plant 
recycle flows? 
 All recycle flows at the plant combine with plant influent prior to sampling.  
Thus, the influent sampler collects samples that include recycle flows. 
 The effluent sampler is located after chlorination/dechlorination 
 
11. Take Photos of plant (sign, overview, etc). 
Digital pictures were taken of the facility the day of the site visit.   
 
Requested information: 
 
1. DMR reports from January 2004 through December 2006. 
Electronic copies of DMR data was provided.  Only effluent nitrate and ammonia data is 
collected. 
 
2. Three years of process data that you collect that may not be reported on the DMRs, 
for example: 
 
a. COD data, if collected 
None taken. 
 
b. Influent temperature 
Influent temperature is recorded. 
 
c. Primary effluent/ secondary influent parameters (BOD, TSS, Nitrogen, etc) 
Some primary effluent data is collected. 
 
d. Alkalinity 
None taken. 
 
e. Typical MLSS and MLVSS maintained in aeration basins (for activated 
sludge plant). 
MLSS is collected. 
 
f. Typical RAS rates. 
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RAS rates are collected. 
 
g. Sludge wasting rates. 
Sludge wasting rates are collected. 
 
h. Total plant sludge production. 
Total monthly sludge production is provided. 
  
3. Operating cost data: 
 
a. Cost of electricity 
Electric bills were provided 
 
b. Chemical costs 
Chemical bills were provided 
 
c. Sludge disposal costs 
Sludge disposal costs were provided. 
 
4. Drawings of plant site plan, hydraulic profile and process flow schematic. 
Plant drawings were provided. 
 
5. Drawings of process tanks and equipment or a copy of a previous engineering 
report that summarizes tank & equipment sizes. 
Plant drawings were provided. 
 
 
Document Code 
 
One Cambridge Place, 50 Hampshire Street 
Cambridge, Massachusetts 02139 
tel: 617 452-6000 
fax: 617 452-8000 
SITE VISIT – GREENFIELD, MA WPCF 4/27/07 
 
Interview Questions: 
 
1. Request information about plant history (when first constructed, dates of upgrades). 
The original facility was constructed in 1935 and included 2 primary clarifiers and 
sludge digesters.  In 1974, a secondary system was installed, consisting of trickling filters 
chosen to take advantage of their resistance to washout.  There were many metal 
industry dischargers at the time.  The trickling filters achieved single digit TSS and BOD 
effluent values.  Removal began to deteriorate over time due to rock erosion, resulting in 
ponding.  Recently, the decision was made to redirect the outfall to the Deerfield River.  
As a result, the plant was upgraded in 2000.  The tanks were increased in height, and the 
rock media was replaced with stacked plastic media.  The drives were replaced, VFDs 
were installed for the blowers, the outfall was relocated, and new chlorine contact 
chambers were constructed.  Dechlorination equipment was added.  The headworks 
was also redesigned and improved to increase capacity to 4.5 mgd from 3.4 mgd, as the 
headworks was a critical point limiting capacityof the original design. The permitted 
capacity remains at 3.2 mgd.  The site is located within a wetland in a floodplain, and all 
original and subsequent foundation drains discharge into the sewer.  Relining 
operations to reduce infiltration is being performed in-house. 
 
2. What is the sewer service area?  Are there any expected major flow increases? 
The facility services ~80% of Greenfield.  There are 3 pump stations within the sewer 
service area.  There are no significant categorical industrial dischargers, and the only 
septage arriving at the plant comes from the remaining unsewered sections of Greefield. 
 
3. Request information regarding plant staffing (number of employees, duties, any 
contract operations?) 
The staffing organizational chart was obtained for the Department of Public Works.  
Currently there are allocations for a superintendent, an operations supervisor, a lab 
technician, and 4 operators (funding for 5.5 total individuals). 
 
4. Request information regarding operating mode (number of tanks in service, etc).  
Under normal operation, all four primary clarifers, both trickling filters, and one of the 
two secondary clarifiers are online.  During low river flows (typically June to October) 
the facility is operated to achieve maximum treatment in order to benefit the river.   
 
The grit chamber is pumped out once every two months. 
 
The trickling filters are operated in parallel most of the time.  When flows are really low, 
the trickling filters are operated in series.   
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CSO’s were eliminated in the 1980s.  These were paid for on a 9.2 million, 20 year bond 
which is still being paid off. 
 
Primary sludge is pumped continuously.   Secondary sludge pumps are operated on a 
timer at 2 hours on, 2 hours off. 
 
A tanker on the side of the gravity thickener is used for daily sludge storage prior to 
shipment offsite for incineration. 
 
The old vacuum filters are maintained for emergency sludge processing.  This sludge is 
disposed of at a landfill.   
 
5. Ask if there are any concrete plans to use any existing unused areas on the site? 
There are no plans to use unused areas on the site.  However, installing any new 
tankage or buildings either on-site or on the surrounding lands will be difficult due to 
the existence of Native American burial grounds located in the area as well as the 
location of the site in a floodplain.  Compensatory storage is an issue.   
 
6. Ask about operating concerns or problems (high flows, high loads, industrial flows, 
etc).   
During winter months, the temperature is too low for operating the trickling filters in 
series.  Also during cold temperatures ice accumulates at the clarifiers.   
 
Only three primary clarifers are operated in the summer, as the low flow conditions 
result in long residence times and cause odor problems.  
 
Under normal operation, the plant can just barely maintain flow by gravity.  During 
flooding, the sub-basement is intentionally flooded by 3 feet to prevent uplift of the 
building. 
 
7. Ask if there are any upgrades that are currently in study or design phase? 
There are no current upgrades planned. 
 
8. Does facility currently nitrify in the winter even if not required (or is nitrification 
suppressed by taking tanks out of service). 
Unknown. 
 
9. What kinds of foundations are predominant on the site (piles, etc). 
Unknown. 
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10. Where are the samplers at the facility?  Does the influent sampler include all in-plant 
recycle flows? 
• The influent sampler is located upstream of the Parshall flume and does not 
include side streams. 
• Grab samples are taken from the primary effluent channel and include side 
streams (gravity thickener supernatant). 
• The effluent sampler is downstream of the de-chlorination process and do not 
include side streams. 
 
11. Take Photos of plant (sign, overview, etc). 
Photos were not taken.  A second site visit will be schedule to take photos. 
 
Requested information: 
 
1. DMR reports from January 2004 through December 2006. 
Actual DMRs not provided. 
 
2. Three years of process data that you collect that may not be reported on the DMRs, 
for example: 
 
a. COD data, if collected 
Not collected. 
 
b. Influent temperature 
Monthly average temperatures provided. 
 
c. Primary effluent/ secondary influent parameters (BOD, TSS, Nitrogen, etc) 
Monthly average influent, primary effluent, effluent BOD and TSS data 
provided; monthly average TKN data provided; process data provided. Also, 
septage data provided. 
 
d. Alkalinity 
Typically 30 mg/L (as CaCO3). 
 
e. Typical MLSS and MLVSS maintained in aeration basins (for activated 
sludge plant). 
Not an AS facility. 
 
f. Typical RAS rates. 
Not provided. 
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g. Sludge wasting rates. 
Not provided. 
 
h. Total plant sludge production. 
Monthly tonnage provided. 
3. Operating cost data: 
 
a. Cost of electricity (copy of electric bill is fine) 
The most recent electric bill was provided, as well as annual electrical costs. 
 
b. Chemical costs 
Annual chemical costs provided. 
 
c. Sludge disposal costs 
Monthly sludge disposal costs provided. 
 
4. Drawings of plant site plan, hydraulic profile and process flow schematic. 
Site plan, hydraulic profile, and process flow diagram provided. 
 
5. Drawings of process tanks and equipment or a copy of a previous engineering 
report that summarizes tank & equipment sizes. 
Design sheets from O&M manual provided. 
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1545 Iyannough Road, Route 132 
Hyannis, MA  02601-1840 
tel: 508-362-5680 
fax: 508-362-5684 
SITE VISIT – HOLYOKE, MA WPCF 4/26/07 
 
Interview Questions: 
 
1. Request information about plant history (when first constructed, dates of upgrades). 
The first facility was built in the 1950s.  The last major upgrade was in 1977. 
 
2. What is the sewer service area?  Are there any expected major flow increases? 
The sewer service area is exclusively within Holyoke.  No major increase in flow are 
expected. 
 
3. Request information regarding plant staffing (number of employees, duties, any 
contract operations?) 
There are 19 employees that serve the following:  flood pumping, CSO facility, 
treatment plant, street sweeping, and collection system. 
 
4. Request information regarding operating mode (number of tanks in service, etc).  
Since Aquarion assumed control of the facility, they have run both aeration tanks.  Prior 
to then, the plant ran only one tank for six years. 
 
5. Ask if there are any concrete plans to use any existing unused areas on the site? 
A CSO treatment facility is currently being constructed on the site.  No other plans for 
expansion. 
 
6. Ask about operating concerns or problems (high flows, high loads, industrial flows, 
etc). 
The plant receives CSOs. 
 
There are 5 industries the are part of a pretreatment program.  They occasionally get 
high loads (TSS) from a paper plant.  Color also comes in from paper plant. 
 
7. Ask if there are any upgrades that are currently in study or design phase? 
See #5 above. 
 
8. Does facility currently nitrify in the winter even if not required (or is nitrification 
suppressed by taking tanks out of service). 
See #4 above. 
 
9. What kinds of foundations are predominant on the site (piles, etc). 
No special foundation conditions. 
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10. Where are the samplers at the facility?  Does the influent sampler include all in-plant 
recycle flows? 
 Recycle loads are introduced after the influent sampler.   
 The effluent sampler is located after disinfection 
 
11. Take Photos of plant (sign, overview, etc). 
Digital pictures were taken of the facility the day of the site visit.   
 
Requested information: 
 
1. DMR reports from January 2004 through December 2006. 
Harcopies of DMR data were provided.  Various influent and effluent nitrogen data is 
collected. 
 
Nitrogen data can be summarized as follows: 
 
 TN TN/BOD 
Min 7.0  
Max 66.1  
Avg 21.2 0.13
Seas. Avg 25.6  
 
Based on average concentrations, the TN is low (a text book TN/BOD ratio for this facility 
is 0.18) 
 
2. Three years of process data that you collect that may not be reported on the DMRs, 
for example: 
 
a. COD data, if collected 
None taken. 
 
b. Influent temperature 
This data is collected. 
 
c. Primary effluent/ secondary influent parameters (BOD, TSS, Nitrogen, etc) 
This data is collected. 
 
d. Alkalinity 
None taken. 
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e. Typical MLSS and MLVSS maintained in aeration basins (for activated 
sludge plant). 
This data is collected. 
 
f. Typical RAS rates. 
This data is collected. 
 
g. Sludge wasting rates. 
This data is collected. 
 
h. Total plant sludge production. 
Total monthly sludge production is provided. 
  
3. Operating cost data: 
 
a. Cost of electricity 
Electric bills were provided 
 
b. Chemical costs 
Chemical bills were provided 
 
c. Sludge disposal costs 
Sludge disposal costs were provided. 
 
4. Drawings of plant site plan, hydraulic profile and process flow schematic. 
Plant drawings were provided. 
 
5. Drawings of process tanks and equipment or a copy of a previous engineering 
report that summarizes tank & equipment sizes. 
Plant drawings were provided. 
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1545 Iyannough Road, Route 132 
Hyannis, MA  02601-1840 
tel: 508-362-5680 
fax: 508-362-5684 
SITE VISIT – HOPEDALE, MA WPCF 4/18/07 
 
Interview Questions: 
 
1. Request information about plant history (when first constructed, dates of upgrades). 
The current facility was built in 1983.  Prior to 1983, a primary treatment facility existed 
on the site.  Changes that have occurred since 1983 include the addition of UV, addition 
of fine bubble aeration and sludge processing has ceased. 
 
2. What is the sewer service area?  Are there any expected major flow increases? 
No planned extensions, but there are a few potential expansions including an old mill 
and 110 acres of undeveloped land.   
 
Septage is accepted from sites within Hopedale only. 
 
3. Request information regarding plant staffing (number of employees, duties, any 
contract operations?) 
The plant has three full time, one administrator and one ½ time laborer.  This crew 
serves the plant and pump stations.  
 
4. Request information regarding operating mode (number of tanks in service, etc).  
They run all tanks.  WAS is sent to the primaries for co-settling. 
 
5. Ask if there are any concrete plans to use any existing unused areas on the site? 
There is available land (about 18-21 acres total land area). 
 
6. Ask about operating concerns or problems (high flows, high loads, industrial flows, 
etc). 
I/I is an issue at the facility.  High loads are not an issue. 
 
There is no real industry in Town.   
 
7. Ask if there are any upgrades that are currently in study or design phase? 
There is currently a pilot study for membranes.  In addition there is a study 
investigating polishing filters after secondary treatment for phosphorus removal. 
 
8. Does facility currently nitrify in the winter even if not required (or is nitrification 
suppressed by taking tanks out of service). 
The facility does not suppress nitrification. 
 
9. What kinds of foundations are predominant on the site (piles, etc). 
No special foundations. 
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10. Where are the samplers at the facility?  Does the influent sampler include all in-plant 
recycle flows? 
 In plant recycle flows are returned to the pump station on site which precedes 
the sample point.  The sampler is located after grit removal.  WAS is not 
returned to the primaries on sample days to get a better representation of 
influent flow. 
 The effluent sampler is located after UV disinfection. 
 
11. Take Photos of plant (sign, overview, etc). 
Digital pictures were taken of the facility the day of the site visit.   
 
Requested information: 
 
1. DMR reports from January 2004 through December 2006. 
Electronic copies of DMR data was provided.  Only effluent nitrate and ammonia data is 
collected. 
 
2. Three years of process data that you collect that may not be reported on the DMRs, 
for example: 
 
a. COD data, if collected 
None taken. 
 
b. Influent temperature 
Influent temperature is recorded. 
 
c. Primary effluent/ secondary influent parameters (BOD, TSS, Nitrogen, etc) 
Some primary effluent data is collected. 
 
d. Alkalinity 
None taken. 
 
e. Typical MLSS and MLVSS maintained in aeration basins (for activated 
sludge plant). 
MLSS is collected. 
 
f. Typical RAS rates. 
RAS rates are collected. 
 
g. Sludge wasting rates. 
Sludge wasting rates are collected. 
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h. Total plant sludge production. 
Total monthly sludge production is provided. 
  
3. Operating cost data: 
 
a. Cost of electricity 
Electric bills were provided 
 
b. Chemical costs 
Chemical bills were provided 
 
c. Sludge disposal costs 
Sludge disposal costs were provided. 
 
4. Drawings of plant site plan, hydraulic profile and process flow schematic. 
Plant drawings were provided. 
 
5. Drawings of process tanks and equipment or a copy of a previous engineering 
report that summarizes tank & equipment sizes. 
Plant drawings were provided. 
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1545 Iyannough Road, Route 132 
Hyannis, MA  02601-1840 
tel: 508-362-5680 
fax: 508-362-5684 
SITE VISIT – NORTH ATTLEBOROUGH, MA WPCF 3/15/07 
 
Interview Questions: 
 
1. Request information about plant history (when first constructed, dates of upgrades). 
The first treatment facility was constructed in 1909 and upgraded in 1948 and 1959.  The 
current secondary treatment facility was completed in 1980. 
 
2. What is the sewer service area?  Are there any expected major flow increases? 
This facility serves North Attleborough as well as Plainville.  There are about 4500 
connections.  There are no major additions to the collection system expected in the near 
future. 
 
3. Request information regarding plant staffing (number of employees, duties, any 
contract operations?) 
There are 11 employees at the treatment facility, three that serve the collection system 
and pumping stations and one that serves on the pretreatment program. 
 
4. Request information regarding operating mode (number of tanks in service, etc).  
They bypass the First Stage aeration and clarifiers.  They do not take tanks out of service 
to suppress nitrification, but two of the eight tanks are used for RAS storage and an 
anaerobic zone for phosphorus removal. 
 
5. Ask if there are any concrete plans to use any existing unused areas on the site? 
No current plans to further develop any part of the property. 
 
6. Ask about operating concerns or problems (high flows, high loads, industrial flows, 
etc). 
The plant receives high flows during rain events.  Loads are consistent. 
 
The Emerald Square mall contributes 250,000 gpd to the plant via the pretreatment 
program. 
 
7. Ask if there are any upgrades that are currently in study or design phase? 
There is a collection system study that is underway.  Only equipment replacement is 
taking place currently. 
 
8. Does facility currently nitrify in the winter even if not required (or is nitrification 
suppressed by taking tanks out of service). 
The facility operates as indicated in #4 above.. 
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9. What kinds of foundations are predominant on the site (piles, etc). 
Nothing unusual. 
 
10. Where are the samplers at the facility?  Does the influent sampler include all in-plant 
recycle flows? 
 All recycle flows at the plant combine in the onsite pumping station.  The 
influent sampler collects samples that include recycle flows. 
 The effluent sampler is located after disinfection 
 
11. Take Photos of plant (sign, overview, etc). 
Digital pictures were taken of the facility the day of the site visit.   
 
Requested information: 
 
1. DMR reports from January 2004 through December 2006. 
Electronic copies of DMR data was provided.  Influent and effluent total nitrogen data is 
collected monthly. 
 
Nitrogen data can be summarized as follows: 
 
 TN TN/BOD 
Min 8.2  
Max 47.9  
Avg 22.4 0.19
Seas. Avg 23.9  
 
Based on average concentrations, the TN is typical (a text book TN/BOD ratio for this 
facility is 0.18) 
 
2. Three years of process data that you collect that may not be reported on the DMRs, 
for example: 
 
a. COD data, if collected 
None taken. 
 
b. Influent temperature 
Influent temperature is recorded. 
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c. Primary effluent/ secondary influent parameters (BOD, TSS, Nitrogen, etc) 
This data is collected 
 
d. Alkalinity 
This data is collected. 
 
e. Typical MLSS and MLVSS maintained in aeration basins (for activated 
sludge plant). 
MLSS is collected. 
 
f. Typical RAS rates. 
RAS rates are collected. 
 
g. Sludge wasting rates. 
Sludge wasting rates are collected. 
 
h. Total plant sludge production. 
Total monthly sludge production is provided. 
  
3. Operating cost data: 
 
a. Cost of electricity 
Electric bills were provided 
 
b. Chemical costs 
Chemical bills were provided 
 
c. Sludge disposal costs 
Sludge disposal costs were provided. 
 
4. Drawings of plant site plan, hydraulic profile and process flow schematic. 
Plant drawings were provided. 
 
5. Drawings of process tanks and equipment or a copy of a previous engineering 
report that summarizes tank & equipment sizes. 
Plant drawings were provided. 
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SITE VISIT – NORTHAMPTON, MA WPCF 4/18/07 
 
Interview Questions: 
 
1. Request information about plant history (when first constructed, dates of upgrades). 
The original facility began construction in 1979, and was completed in 1981.  One filter 
press was added in 1989 (first upgrade). In 1994, the aeration system was converted to 
fine bubble diffusers, upgrades were made to the GBT building (including new 
blowers), a second filter press was added, an odor control building a process was added, 
and a lime silo was added.  The lime was for sludge stabilization.  This second upgrade 
was performed by R.H. White. Lime and the gravity belt thickener are no longer used. 
More recently, the third upgrade replaced the screw pumps (which transfer flow from 
the headworks to the primary clarifiers) to submersible flight pumps.  The two digesters 
were converted to sludge holding tanks for the GBTs, but are now empty and not in use. 
 
2. What is the sewer service area?  Are there any expected major flow increases? 
The facility services all of Northampton (~31,000 people) and parts of Williamsburg 
(~425people).  The current flow is 4.1 mgd average.  Flow at the time of the site visit was 
~ 10 mgd due to a recent storm.  Over the few days prior to the visit the plant observed 
flows approaching 20 mgd, which is where the monitoring chart stops. The permitted 
flow is 8.6 mgd.  There is an ongoing I/I study, there are no regulated CSOs.  There are 
five permitted, significant industrial users and five major, non-reporting users.  
Approximately 8% of the total flow is from industrial/commercial dischargers.  There 
are no categorical dischargers.  There are high sewer use fees.  Coca Cola has cut back its 
flow, but few industries have left.   
 
3. Request information regarding plant staffing (number of employees, duties, any 
contract operations?) 
The yearly staffing report was requested.  There are currently 11 staff: 5 operators, 4 
maintenance personnel, a lead operator, and an IP officer. 
 
4. Request information regarding operating mode (number of tanks in service, etc).  
A written description of the current operation as of February, 2007 was provided. 
 
There are 2/3 primary clarifiers, 8/8 aeration tanks, and 2/3 secondary clarifiers.  
Currently, the first two tanks of each train (4 tanks each) are being operated as anoxic 
zones.   
 
Dissolved oxygen is monitored daily at the secondary clarifier distribution box with a 
hand held YSI unit.  This measurement is used for process control – the target DO 
concentration is 2.0 mg/L. There are three positive displacement blowers with VFDs. 
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Waste activated sludge is wasted continuously from the RAS line; the WAS pumps are 
not used.  The RAS and WAS meters are mag meters in the basement. 
 
There are 2 grit chambers, both of which are usually in operation.  At the time of the 
visit, one was down for maintenance.  Grit and rags (approximately ¼ - ½ yard of grit 
per day) go separately to the landfill.   
 
Typically an F/M of 0.25; 2,000-2,500 mg/L MLSS and an SVI of 150-300 is targeted. 
 
There is occasionally trouble with sludge blankets in secondary clarifiers if the MLSS too 
high. 
 
When a storm is imminent, the blowers and the RAS pumps are turned off in an attempt 
to maintain biomass within the system and prevent washout.   
 
The headworks can overflow into the basement.   
 
There is no bypass at the front of the plant.   
 
The pumps after the primary clarifiers have a capacity of 25 mgd. 
 
There are low septage loads (~1,000 gpd, $100/load for up to 1,000 gallons, $100 each 
1,000 gallons after that), which are dumped directly into the manhole upstream of the 
headworks. 
 
The entire plant can be run on the generator. 
 
2 gravity thickeners, produce sludge with 2-3% solids, 20-25% solids from BFPs.  Sludge 
is shipped out of state to CT (Naugetauk) by WeCare. 
 
5. Ask if there are any concrete plans to use any existing unused areas on the site? 
There are no plans for existing unused areas on site.  The abandoned digesters might be 
an ideal location for future upgrades. 
 
6. Ask about operating concerns or problems (high flows, high loads, industrial flows, 
etc). 
Coca Cola has been alternating its product and intermittently using sucrose, which 
results in slug loads of sucrose to the plant.  These slugs are typically around 1,000 
mg/L BOD and introduce pH fluctuations.  These changes cause problems for the plant.  
Variable fructose loads are not an issue. 
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The grease from the VA hospital gets into the grease collection area. 
 
7. Ask if there are any upgrades that are currently in study or design phase? 
There are no current upgrades planned. 
 
8. Does facility currently nitrify in the winter even if not required (or is nitrification 
suppressed by taking tanks out of service). 
Unknown. 
 
9. What kinds of foundations are predominant on the site (piles, etc). 
The foundations are exclusively slab foundations.  The subsurface conditions are very 
bad – there are many alternating layers of sand and clay.  There is evidence of sinking, 
rising, and cracking throughout the plant. 
 
10. Where are the samplers at the facility?  Does the influent sampler include all in-plant 
recycle flows? 
 Primary effluent is sampled from the pit in front of the lift pumps. 
 RAS/WAS is sampled from the RAS line in the basement every morning. 
 Recycle flows are included in the influent flow and load.  
 The influent is sampled at the Parshall flume.  
 Raw influent, primary effluent, and final effluent are pumped to the lab for 
composite sample analysis. 
 
11. Take Photos of plant (sign, overview, etc). 
Photos were not taken.  A second site visit will be schedule to take photos. 
 
Requested information: 
 
1. DMR reports from January 2004 through December 2006. 
DMRs and daily process data provided for period in question. 
 
2. Three years of process data that you collect that may not be reported on the DMRs, 
for example: 
 
a. COD data, if collected 
Not collected. 
 
b. Influent temperature 
Daily temperature provided. 
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c. Primary effluent/ secondary influent parameters (BOD, TSS, Nitrogen, etc) 
Weekly primary BOD and TSS provided.  
 
d. Alkalinity 
Monthly summaries provided. 
 
e. Typical MLSS and MLVSS maintained in aeration basins (for activated 
sludge plant). 
Daily MLSS and MLVSS data provided. 
 
f. Typical RAS rates. 
Daily RAS data provided. 
 
g. Sludge wasting rates. 
Daily RAS data provided. 
 
h. Total plant sludge production. 
Monthly tonnage provided. 
3. Operating cost data: 
 
a. Cost of electricity (copy of electric bill is fine) 
The most recent electric bill was provided, ~ $20,000/month. 
 
b. Chemical costs 
An estimate of a typical monthly chemical provided ($13,800/month); KMnO4 
$1.71/lb, polymer $1.49/lb, caustic (25%) $1.89 gallon (10,000 gallons/year), 
hypochlorite (15%) $1.59/gallon (12,000 gallons/year).  
 
c. Sludge disposal costs 
$83/wet ton for disposal and transportation; $450,000 budgeted annually; 
estimate of $38,900 /month. 
 
4. Drawings of plant site plan, hydraulic profile and process flow schematic. 
Site plan, hydraulic profile, and process flow diagram provided. 
 
5. Drawings of process tanks and equipment or a copy of a previous engineering 
report that summarizes tank & equipment sizes. 
Design sheets from O&M manual provided. 
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SITE VISIT – NORTHBRIDGE, MA WPCF 4/24/07 
 
Interview Questions: 
 
1. Request information about plant history (when first constructed, dates of upgrades). 
The facility was originally constructed prior to the 1940s as a Primary Treatment facility.  
A trickling filter was added in the 1940s.  Secondary clarifiers were added in the 1960s.  
A dewatering process and chlorine disinfection were added in the 1970s.  A UV system 
was installed in 1997 (and the coil press was decommissioned).  Finally in 2002, the 
current SBR process was constructed. 
 
2. What is the sewer service area?  Are there any expected major flow increases? 
The sewer service area is exclusively within Northbridge.  The only flow increases are 
due to continued housing developments. 
 
3. Request information regarding plant staffing (number of employees, duties, any 
contract operations?) 
The plant and collection system are maintained by 6 people (superintendent, 
administrative assistant and 4 operators) 
 
4. Request information regarding operating mode (number of tanks in service, etc).  
The SBRs operate under aeration mode only and both tanks are used. 
 
Aluminum sulfate and soda ash are added. 
 
They currently co thicken in the gravity thickener.  Synagro hauls sludge from the plant. 
 
5. Ask if there are any concrete plans to use any existing unused areas on the site? 
The available areas onsite are available for plant expansion. 
 
6. Ask about operating concerns or problems (high flows, high loads, industrial flows, 
etc). 
The plant does see high flows due to inflow and infiltration.  There are no high load 
issues and there is very little industry. 
 
7. Ask if there are any upgrades that are currently in study or design phase? 
There is currently a study underway for P removal (PAC trial about to start). 
 
8. Does facility currently nitrify in the winter even if not required (or is nitrification 
suppressed by taking tanks out of service). 
The only change in the facility is alum is not added in the winter.  They generally run 
one primary clarifier, but activate a second during high flows. 
MassDEP Nitrogen Study - Northbridge site visit.doc 
 
 
 
SITE VISIT – NORTHBRIDGE, MA WPCF 4/24/07 
Page 2 
 
 
 
9. What kinds of foundations are predominant on the site (piles, etc). 
No special foundation conditions. 
 
10. Where are the samplers at the facility?  Does the influent sampler include all in-plant 
recycle flows? 
 All recycle flows at the plant combine with plant influent at the Rockdale Pump 
Station (on site) prior to sampling, which is done prior to primary clarifiers.  
Thus, the influent sampler collects samples that include recycle flows. 
 The effluent sampler is located after disinfection 
 
11. Take Photos of plant (sign, overview, etc). 
Digital pictures were taken of the facility the day of the site visit.   
 
Requested information: 
 
1. DMR reports from January 2004 through December 2006. 
Hardcopies of DMR data were provided.  Only effluent nitrate and ammonia data is 
collected. 
 
2. Three years of process data that you collect that may not be reported on the DMRs, 
for example: 
 
a. COD data, if collected 
None taken. 
 
b. Influent temperature 
None taken. 
 
c. Primary effluent/ secondary influent parameters (BOD, TSS, Nitrogen, etc) 
None collected. 
 
d. Alkalinity 
None taken. 
 
e. Typical MLSS and MLVSS maintained in aeration basins (for activated 
sludge plant). 
None collected. 
 
f. Typical RAS rates. 
None collected. 
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g. Sludge wasting rates. 
None collected. 
 
h. Total plant sludge production. 
Total monthly sludge production is provided. 
  
3. Operating cost data: 
 
a. Cost of electricity 
Electric bills were provided 
 
b. Chemical costs 
Chemical bills were provided 
 
c. Sludge disposal costs 
Sludge disposal costs were provided. 
 
4. Drawings of plant site plan, hydraulic profile and process flow schematic. 
Plant drawings were provided. 
 
5. Drawings of process tanks and equipment or a copy of a previous engineering 
report that summarizes tank & equipment sizes. 
Plant drawings were provided. 
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SITE VISIT – PALMER, MA WPCF 3/15/07 
 
Interview Questions: 
 
1. Request information about plant history (when first constructed, dates of upgrades). 
The original plant was constructed in 1980.  The permitted capacity is 5.6 mgd, and the 
plant is currently operating at 2-3 mgd.  There was an aeration upgrade in 1994 - two 
tanks were upgraded to fine bubble diffused air (tanks # 3 and #4), and two tanks were 
upgraded to coarse bubble diffused air (tanks #1 and #2).  Belt filter presses were 
installed in 1998.  The facility is positioned on a 9 acre site. 
 
2. What is the sewer service area?  Are there any expected major flow increases? 
The service area includes the towns of Palmer and Monsen.  As industries have left, 
flows have decreased.  The industrial fraction is currently zero.  No flow increases are 
expected.  There are 6 CSOs in the service area. 
 
3. Request information regarding plant staffing (number of employees, duties, any 
contract operations?) 
There are 10 full-time municipal staff employed by the WPCF, including the secretarial 
staff (1).   
 
4. Request information regarding operating mode (number of tanks in service, etc).  
The facility is comprised of two primary clarifiers (both in service), two aeration trains 
(one in service), two secondary clarifiers (one in service – the second clarifier goes on 
line only during rain events), and two chlorine contact tanks (one in service).  Waste 
sludge is thickened with gravity thickeners to 3-5%.  The sludge then goes to BFPs 
(16%). The sludge cake is trucked to Synagro for incineration. 
 
5. Ask if there are any concrete plans to use any existing unused areas on the site? 
There are no plans to use the existing unused areas, of which there are essentially none. 
 
6. Ask about operating concerns or problems (high flows, high loads, industrial flows, 
etc). 
There are no high load issues, and increased flows are only observed during 
precipitation events.  Flow has decreased over the years as industries have left the area. 
 
Chemicals are added for seasonal phosphorus removal and year round metals removal.  
HPEC 58 is added seasonally (100-125gpd), the rest of the time it is added at a rate of 60-
80 gpd.  Dual point addition was attempted, but no advantages were observed. 
 
Caustic is used for pH adjustment.  
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Polymer is used to assist in dewatering with the BFPs. Occasionally, the BFPs go down, 
and liquid sludge is trucked away – 90,000 lbs/ week for wet tons. 
 
The facility has an increase in septage deliveries in the summer.  It also receives 
(landfill) leachate out of Vermont. 
 
Aeration tank DO ranges from 0.5 to 2 mg/L.  SRT is 5-10 days in the summer and 4-8 
days in the winter. 
 
An additional clarifier is typically turned on in preparation for rain events. 
 
A second aeration tank is used with CSO events. 
 
7. Ask if there are any upgrades that are currently in study or design phase? 
A new flow meter is being installed in March, 2007.  A new generator is also being 
installed to run the entire plant.  The VFDs were recently replaced, as were motors for 
the RAS, tertiary, primary, and WAS pumps, which were upgraded to premium 
efficiency motors.   
 
 
8. Does facility currently nitrify in the winter even if not required (or is nitrification 
suppressed by taking tanks out of service). 
Nitrification is not required; there is evidence of summer nitrification due to reduction 
in alkalinity. 
 
9. What kinds of foundations are predominant on the site (piles, etc). 
It is unknown what types of foundations are on the site, but probably piles as a result of 
the high groundwater. 
 
10. Where are the samplers at the facility?  Does the influent sampler include all in-plant 
recycle flows? 
 The influent composite sampler is located after the grit chamber, and includes 
recycle streams (thickening & dewatering). 
 The primary effluent composite sampler is located after the lift screws, and 
includes recycle streams. 
 The effluent composite sampler is located after the chlorine contact chamber, and 
does not include recycle streams. 
 The influent Parshall flume is located after screw lift pumps, and includes 
recycle streams. 
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 The effluent Parshall flume is located after the chlorine contact chamber, and 
does not include recycle streams. 
 
11. Take Photos of plant (sign, overview, etc). 
Photos were taken the day of the site visit (March 15th, 2007). 
 
Requested information: 
 
1. DMR reports from January 2004 through December 2006. 
DMR data provided in spreadsheet format for 2004-2006.  Effluent nitrogen data 
provided on printout for Ammonia, Nitrite, Nitrate, and TKN (monthly data, one 24-
hour composite).   
 
2. Three years of process data that you collect that may not be reported on the DMRs, 
for example: 
 
a. COD data, if collected 
Not collected. 
 
b. Influent temperature 
Provided in spreadsheet. 
 
c. Primary effluent/ secondary influent parameters (BOD, TSS, Nitrogen, etc) 
All but nitrogen provided in spreadsheet. 
 
d. Alkalinity 
Provided in alkalinity spreadsheet, monthly summary data. 
 
e. Typical MLSS and MLVSS maintained in aeration basins (for activated 
sludge plant). 
Provided in spreadsheet. 
 
f. Typical RAS rates. 
Provided in spreadsheet. 
 
g. Sludge wasting rates. 
Provided in spreadsheet. 
 
 
h. Total plant sludge production. 
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Provided in spreadsheet.  Thickened sludge is typically 3-5%. 
  
3. Operating cost data: 
 
a. Cost of electricity (copy of electric bill is fine) 
Monthly bills from June 12, 2006 through February 9th, 2007 (8 bills) 
 
b. Chemical costs 
Estimated at $150K/year, breakdown by chemical provided in email. 
 
c. Sludge disposal costs 
Monthly bills from August 2, 2006 through March 1, 2007 (7 bills). 
 
4. Drawings of plant site plan, hydraulic profile and process flow schematic. 
Process flow diagram provided 
5. Drawings of process tanks and equipment or a copy of a previous engineering 
report that summarizes tank & equipment sizes. 
Original and current tank and equipment sizes were provided on design data sheets. 
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SITE VISIT – SOUTH HADLEY, MA WPCF 5/12/07 
 
Interview Questions: 
 
1. Request information about plant history (when first constructed, dates of upgrades). 
The first phase of the facility was built between 1959 and 1960, and consisted of two 
primary clarifiers, digesters and drying beds.   Between 1979 and 1980, a grit chamber, a 
third primary clarifier, a new secondary treatment system (conventional activated 
sludge), a chlorine contact chamber and vacuum presses were added, and one (of five 
total) pump stations was upgraded.  A belt press was added to replace one of the 
vacuum filters in 1991 (the second filter remains unused).  A CWMP was recently 
completed by Tighe & Bond in 2002.   
 
2. What is the sewer service area?  Are there any expected major flow increases? 
The sewer service area encompasses most of the Town of South Hadley and small 
portions from the Town of Granby and the City of Chicopee.  Less than 1% of the 
influent flow is from industrial sources.  There is one significant and two categorical 
users.  There is an industrial pretreatment program.  Current ADF is 2.9 – 3.0 mgd, with 
a permitted ADF of 4.2 mgd.  The plant discharges directly to the Connecticut River.  
There are three CSOs in the sewer service area. There are no other expected major flow 
increases.   
 
3. Request information regarding plant staffing (number of employees, duties, any 
contract operations?) 
The plant is staffed from 7am – 3pm, 5 days a week, with one operator on-site for 4 
hours each day on the weekend.  According to the CWMP from 2002, there is 
approximately 6 staff.  The current interim staffing report has been requested. 
 
4. Request information regarding operating mode (number of tanks in service, etc).  
All three rectangular primary clarifiers, two of four aeration tanks, both clarifiers, both 
gravity thickeners, and both chlorine contact tanks are typically in service.  The lime 
system which provided lime for dewatering was abandoned when the town landfill no 
longer accepted cake.   
 
Waste activated sludge is pulled directly from the clarifiers once per day to maintain the 
intended SRT. 
 
The plant switched to hypochlorite in 2004.  The plant does not de-chlorinate. 
 
Both primary and waste activated sludge is thickened in thickeners, dewatered with the 
belt filter press, and the cake is trucked to a landfill.  Cake was previously sent to 
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Synegro for incineration.  Sodium chlorite is added to thickened sludge for odor control, 
and polymer is added to aid in dewatering.  
 
5. Ask if there are any concrete plans to use any existing unused areas on the site? 
There are no plans for unused areas on site.   
 
6. Ask about operating concerns or problems (high flows, high loads, industrial flows, 
etc). 
Low influent BOD can be an issue, which can be less than 100 mg/L.  The permit 
requires 85% BOD removal across plant, which can be difficult with such a low influent 
BOD concentration.  Flows can reach 11 – 13 mgd, at which point all aeration tanks are 
online.  Sometimes washout occurs because they are trying to evenly distribute the 
biomass between the basins that are online. 
7. Ask if there are any upgrades that are currently in study or design phase? 
The plant is currently in the middle of an upgrade which includes plant equipment 
upgrades and two pump station upgrades – there are no new tanks or structures 
planned. Upgrades include replacing the clarifier drives and conversion to diffused 
aeration.  A SCADA system is being installed. 
 
8. Does facility currently nitrify in the winter even if not required (or is nitrification 
suppressed by taking tanks out of service). 
The facility does not need to nitrify.  Between 2000 and 2001, the facility was operated 
with a long SRT to evaluate sludge reduction.  During this time nitrification was 
observed.  Typical SRTs are in the range of 7 days.   
 
9. What kinds of foundations are predominant on the site (piles, etc). 
The types of foundations at the facility are unknown. 
 
10. Where are the samplers at the facility?  Does the influent sampler include all in-plant 
recycle flows? 
 Only effluent flow is monitored at the plant.  All flow goes through the Main 
Street Pumping station, where flow is also monitored.  
 Raw influent is sampled from the grit chamber. 
 Primary effluent sample includes recycle streams (belt filter press and gravity 
thickener), which are directed into the influent channel of the primary clarifier. 
 Final effluent sample is taken at the Parshall flume. 
 
11. Take Photos of plant (sign, overview, etc). 
Photos of the plant were taken with a disposable camera. 
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Requested information: 
 
1. DMR reports from January 2004 through December 2006. 
DMR data provided electronically.  Effluent nitrogen data collected occasionally. 
 
2. Three years of process data that you collect that may not be reported on the DMRs, 
for example: 
 
a. COD data, if collected 
None taken. 
 
b. Influent temperature 
Daily, year round temperature in spreadsheet. 
 
c. Primary effluent/ secondary influent parameters (BOD, TSS, Nitrogen, etc) 
Raw and primary effluent BOD and TSS data provided bi-weekly in 
spreadsheet.  No nitrogen data collected. 
 
d. Alkalinity 
Alkalinity data for one of 4 aeration tanks provided in spreadsheet, 2-5 
x/week, year-round. 
 
e. Typical MLSS and MLVSS maintained in aeration basins (for activated 
sludge plant). 
Daily, year round-data in spreadsheet. 
 
f. Typical RAS rates. 
Daily, year round-RAS flows in spreadsheet. 
 
g. Sludge wasting rates. 
Daily, year round-WAS flows in spreadsheet. 
 
h. Total plant sludge production. 
Daily, year round-sludge production in spreadsheet. 
  
3. Operating cost data: 
 
a. Cost of electricity (copy of electric bill is fine) 
A single recent electric bill with a year’s worth of usage history provided. 
 
b. Chemical costs 
MassDEP Nitrogen Study – South Hadley site visit 
 
 
 
 
Site visit – South Hadley, MA WPCF 
May 12, 2007 
Page 4 
 
A single recent chemical invoice each for sodium chlorite, polymers, and 
sodium hypochlorite was provided.  
 
c. Sludge disposal costs 
A single recent sludge disposal invoice was provided. 
 
4. Drawings of plant site plan, hydraulic profile and process flow schematic. 
11 x 17 site layout and process flow diagram was provided.   
 
5. Drawings of process tanks and equipment or a copy of a previous engineering 
report that summarizes tank & equipment sizes. 
Tank and equipment size sheets provided. 
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SITE VISIT – SPRINGFIELD, MA WPCF 5/14/07 
 
Interview Questions: 
 
1. Request information about plant history (when first constructed, dates of upgrades). 
The original facility consisting of primary clarifiers and anaerobic digestion was 
constructed in 1940. The facility underwent significant expansion in 1977.  Upgrades 
included activated sludge secondary treatment, flocculation, secondary clarifiers, 
gravity thickeners for primary sludge, dissolved air floatation for secondary sludge, 
Zimpro process (wet air oxidation) sludge processing, vacuum filtration, chlorination 
and de-chlorination. In 1989 the vacuum filters were replaced with belt filter presses, 
and in 1991 DAF units were replaced with gravity belt thickeners. In 1995, the Zimpro 
process was shut down due to odor problems.  Submersible mixers were installed in the 
first stage of the aeration tanks in 1997-98. The mechanical aeration system was 
converted to diffused aeration in 1997-98.  This upgrade also included installing an 
aluminum baffle wall in the first section of the aeration tanks, and provided controls to 
allow for an optional (swing) pre-anoxic zone.  The permitted capacity is 67 mgd, while 
the annual average is 43.4 mgd.   
 
2. What is the sewer service area?  Are there any expected major flow increases? 
The sewer area includes eight communities (Springfield, Wilbraham, West Springfield, 
Ludlow, Longmeadow, East Longmeadow, Chicopee, Agawam).  Flow has not 
increased over the past few years, and there are no expected flow increases.   
 
3. Request information regarding plant staffing (number of employees, duties, any 
contract operations?) 
The annual staffing plan has been requested. 
 
4. Request information regarding operating mode (number of tanks in service, etc).  
Under normal operation, two of the four primary clarifiers, all aeration basins, all four 
secondary clarifiers, and all four chlorine contact tanks are online. 
 
An 18-20 day SRT is maintained, which results in a MLSS of 3,000-3,500 mg/L.  Elevated 
SVIs are observed (between 130 and 150) in the winter/spring; this is a result of rain and 
cold temperature swings.  These might appear to be within a typical range for SVI, but 
the facility has resorted to long SRTs to reduce sludge production (by 30%) following a 
2-year, full scale study of extended aeration between 1998 and 2000.  This operating 
mode succeeds in producing sludges with low SVIs on average. 
 
Other operating difficulties occur in the springtime, as there are three dairy industries in 
area that must increase discharges during this period. 
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5. Ask if there are any concrete plans to use any existing unused areas on the site? 
The 1977 upgrade had set aside areas for expansion by 50% for the primary clarifiers, 
the aeration basins, the secondary clarifiers, and sludge processing.  With the conversion 
to diffused aeration, however, some (but not all) of the dedicated area for future 
aeration basins/secondary clarifiers was used for the new blower building. 
 
6. Ask about operating concerns or problems (high flows, high loads, industrial flows, 
etc).   
Flow to the plant is 18% industrial, 49% domestic and commercial, and 33% I/I.   
 
There are 56 significant industrial users in compliance.  Local limits took effect in 2001.  
There is not a high level of enforcement.  Solids from SIUs have been decreasing due to 
either improvement in pre-treatment or to industrial emigration. 
 
Maximum RAS flows are 13 mgd/secondary clarifier, for a total of 52 mgd.  Forward 
flows that require greater than this amount of underflow begin to wash out the 
clarifiers. 
 
Flow can go from 40 to 180 mgd in 10 minutes with storm flows, as the service area is 
comprised of 60% CSOs.  134 mgd can be pushed through the system hydraulically.  
Over this flow, secondary treatment is bypassed directly to the chlorine contact tanks.  
The planned, safe emergency overflow is 180 mgd.  At 200 mgd the system is 
overtopped.   
 
7. Ask if there are any upgrades that are currently in study or design phase? 
There are no upgrades currently planned. 
 
8. Does facility currently nitrify in the winter even if not required (or is nitrification 
suppressed by taking tanks out of service). 
The plant nitrifies in the winter. 
 
9. What kinds of foundations are predominant on the site (piles, etc). 
All foundations are on pilings because the site is located in a marsh area. 
 
10. Where are the samplers at the facility?  Does the influent sampler include all in-plant 
recycle flows? 
 The influent sampler does not include side stream flows or loads.   
 The Parshall flume is located downstream of the bar screens and upstream of the 
primary clarifiers and does not include sidestreams flows or loads. 
MassDEP Nitrogen Study – Springfield site visit 
 
 
 
 
Site-visit – Springfield, MA WPCF 
May 14, 2007 
Page 3 
 
 
 The Primary effluent sampler includes gravity thickener return loads, but not 
flows.   
 The effluent sampler does not include sidestream flows or loads. 
 
11. Take Photos of plant (sign, overview, etc). 
Photos were taken with a disposable camera. 
  
Requested information: 
 
1. DMR reports from January 2004 through December 2006. 
DMRs provided. 
 
2. Three years of process data that you collect that may not be reported on the DMRs, 
for example: 
 
a. COD data, if collected 
Not collected. 
 
b. Influent temperature 
Daily temperatures provided. 
 
c. Primary effluent/ secondary influent parameters (BOD, TSS, Nitrogen, etc) 
Daily BOD and TSS primary effluent data provided; single monthly value 
influent effluent data provided.    
 
d. Alkalinity 
Daily alkalinity data provided. 
 
e. Typical MLSS and MLVSS maintained in aeration basins (for activated 
sludge plant). 
Daily MLSS and MLSS data provided. 
 
f. Typical RAS rates. 
Daily RAS rates provided. 
 
g. Sludge wasting rates. 
Daily WAS rates provided. 
 
h. Total plant sludge production. 
Daily tonnage provided. 
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3. Operating cost data: 
 
a. Cost of electricity (copy of electric bill is fine) 
Requested. 
 
b. Chemical costs 
Requested. 
 
c. Sludge disposal costs 
Requested. 
 
4. Drawings of plant site plan, hydraulic profile and process flow schematic. 
Site plan, hydraulic profile, and process flow diagram provided. 
 
5. Drawings of process tanks and equipment or a copy of a previous engineering 
report that summarizes tank & equipment sizes. 
Equipment and tank summary provided. 
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1545 Iyannough Road, Route 132 
Hyannis, MA  02601-1840 
tel: 508-362-5680 
fax: 508-362-5684 
SITE VISIT – UPPER BLACKSTONE WATER POLLUTION ABATEMENT 
DISTRICT IN MILLBURY, MA WPCF 4/18/07 
 
Interview Questions: 
 
1. Request information about plant history (when first constructed, dates of upgrades). 
The original treatment facility was constructed around the 1880s and has been upgraded 
several times since.  Prior to this decade, the current facility was last upgraded in 1976.  
The facility is now undergoing a four phase upgrade.  
 
2. What is the sewer service area?  Are there any expected major flow increases? 
The facility serves the Cit of Worcester as well as Auburn, Cherry Valley Sewer District, 
Holden, Millbury, Rutland, West Boylston, and portions of Oxford, Paxton, Shrewsbury, 
and Sutton as well as treating septage and sludge from numerous other communities. 
 
The plant has a current design flow for Year 2020 iof 45 mgd.  The permitted capacity of 
the facility is 56 mgd. 
 
3. Request information regarding plant staffing (number of employees, duties, any 
contract operations?) 
The plant has fifty three full and part-time employees.  This crew does not serve an 
collection systems or off site pumping stations.  
 
4. Request information regarding operating mode (number of tanks in service, etc).  
The plant has been operating with two of the three aeration tanks and all primary and 
secondary clarifiers. 
 
As part of the Phase I upgrade, a new primary clarifier was constructed and the 
preliminary treatment system was upgraded.  As part of Phase II, a new aeration tank is 
being constructed and two additional secondary clarifiers are being added. 
 
5. Ask if there are any concrete plans to use any existing unused areas on the site? 
There is an active expansion of the facility that is underway.  There is very limited space 
available to the south of the site.  Hazardous waste has been discovered north of the 
high flow bypass and east of the preliminary treatment buildings.  
 
6. Ask about operating concerns or problems (high flows, high loads, industrial flows, 
etc). 
The plant receives CSO and thus experiences very high flows at times.  It receives 
industrial flows from various locations. 
 
 
MassDEP Nitrogen Study - UBWPAD site visit.doc 
 
 
 
SITE VISIT – UPPER BLACKSTONE WATER POLLUTION ABATEMENT 
DISTRICT IN MILLBURY, MA WPCF 4/18/07 
Page 2 
 
 
7. Ask if there are any upgrades that are currently in study or design phase? 
The plant is in the second of four construction phases. 
 
8. Does facility currently nitrify in the winter even if not required (or is nitrification 
suppressed by taking tanks out of service). 
They are required to by permit.. 
 
9. What kinds of foundations are predominant on the site (piles, etc). 
Some foundations require piles. 
 
10. Where are the samplers at the facility?  Does the influent sampler include all in-plant 
recycle flows? 
 Recycle loads are not all caught by samplers.   
 They have an influent sampler after preliminary treatment, a prmarty effluent 
sampler after primary treatment, but prior to the addition of recycles, and a final 
effluent sampler after disinfection 
 
11. Take Photos of plant (sign, overview, etc). 
Digital pictures were taken of the facility the day of the site visit.   
 
Requested information: 
 
1. DMR reports from January 2004 through December 2006. 
Electronic copies of DMR data were provided.  The facility collects extensive nitrogen 
data. 
 
Nitrogen data can be summarized as follows: 
 
TN TN/BOD 
Min 15.4  
Max 28.3  
Avg 21.3 0.13
Seas. Avg 22.5  
 
Based on average concentrations, the TN is low (a text book TN/BOD ratio for this facility 
is 0.18) 
 
 
2. Three years of process data that you collect that may not be reported on the DMRs, 
for example: 
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a. COD data, if collected 
 
b. Influent temperature 
Influent temperature is recorded. 
 
c. Primary effluent/ secondary influent parameters (BOD, TSS, Nitrogen, etc) 
This data is collected. 
 
d. Alkalinity 
This data is collected. 
 
 
e. Typical MLSS and MLVSS maintained in aeration basins (for activated 
sludge plant). 
MLSS is collected. 
 
f. Typical RAS rates. 
RAS rates are collected. 
 
g. Sludge wasting rates. 
Sludge wasting rates are collected. 
 
h. Total plant sludge production. 
Total monthly sludge production is provided. 
  
3. Operating cost data: 
 
a. Cost of electricity 
Electric bills were provided 
 
b. Chemical costs 
Chemical bills were provided 
 
c. Sludge disposal costs 
Sludge disposal costs were provided. 
 
4. Drawings of plant site plan, hydraulic profile and process flow schematic. 
Plant drawings were provided. 
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5. Drawings of process tanks and equipment or a copy of a previous engineering 
report that summarizes tank & equipment sizes. 
Plant drawings were provided. 
 
 
Document Code 
 
1545 Iyannough Road, Route 132 
Hyannis, MA  02601-1840 
tel: 508-362-5680 
fax: 508-362-5684 
SITE VISIT – UPTON, MA WPCF 3/8/07 
 
Interview Questions: 
 
1. Request information about plant history (when first constructed, dates of upgrades). 
The facility was originally constructed in 1971 and included aeration tanks, clarifiers, 
and chlorination/dechlorination.  It was upgraded in 1999 to include a solids handling 
tank and new secondary clarifiers. 
 
2. What is the sewer service area?  Are there any expected major flow increases? 
There are approximately 530-540 connections all within the Town of Upton.  The servie 
area includes three schools and one large apartment complex.  The only known 
increases in flow include two large housing complexes in Upton. 
 
3. Request information regarding plant staffing (number of employees, duties, any 
contract operations?) 
There are a total of three employees that cover the treatment facility and pump stations 
including the plant superintendent.  The Town contracts out heavy collection system 
work such as blockages. 
 
4. Request information regarding operating mode (number of tanks in service, etc).  
The grit chamber, screen and disinfection are always in use.  The facility normally 
operates with both aeration tanks, one of two secondary clarifiers, and both effluent 
filters. 
 
Sodium bicarb is added to the RAS and added to the junction box at the aeration tanks.  
PAC is added to the spillway before entering the secondary clarifiers.  
 
Flow is pumped to the grit chamber.  Sodium aluminate is added to the grit chamber.   
 
WAS is stored in a holding tank, and then thickened via a gravity belt thickener before 
being hauled off site by Synagro. 
 
5. Ask if there are any concrete plans to use any existing unused areas on the site? 
There is work planned in the area of the chlorination/dechlorination area.  Public Works 
uses the old sand bed area, but there are no other plans for the rest of the site. 
 
6. Ask about operating concerns or problems (high flows, high loads, industrial flows, 
etc). 
The plant received high flows during rain events.  They seem to get high loads at times, 
but the plant operator considered those questionable.   There are no industrial flows. 
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The facility has an aeration control system, but the system is unable to maintain DO at 
its setpoint. 
 
7. Ask if there are any upgrades that are currently in study or design phase? 
Improvements to the aeration tanks and installation of a UV system have been put on 
hold.   
 
8. Does facility currently nitrify in the winter even if not required (or is nitrification 
suppressed by taking tanks out of service). 
The facility always operates with two tanks in service. 
 
9. What kinds of foundations are predominant on the site (piles, etc). 
Nothing unusual. 
 
10. Where are the samplers at the facility?  Does the influent sampler include all in-plant 
recycle flows? 
 All recycle flows at the plant combine prior to entering the Control Building.  
The influent sampler collects samples that include recycle flows. 
 The effluent sampler is located after chlorination/dechlorination 
 
11. Take Photos of plant (sign, overview, etc). 
Digital pictures were taken of the facility the day of the site visit.   
 
Requested information: 
 
1. DMR reports from January 2004 through December 2006. 
Hardcopies of DMR data was provided.  Only effluent nitrogen data is collected. 
 
2. Three years of process data that you collect that may not be reported on the DMRs, 
for example: 
 
a. COD data, if collected 
None taken. 
 
b. Influent temperature 
None taken. 
 
c. Primary effluent/ secondary influent parameters (BOD, TSS, Nitrogen, etc) 
N/A 
 
d. Alkalinity 
None taken. 
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e. Typical MLSS and MLVSS maintained in aeration basins (for activated 
sludge plant). 
MLSS is collected. 
 
f. Typical RAS rates. 
RAS rates are collected. 
 
g. Sludge wasting rates. 
Sludge wasting rates are collected. 
 
h. Total plant sludge production. 
Total monthly sludge production is provided. 
  
3. Operating cost data: 
 
a. Cost of electricity 
Electric bills were provided 
 
b. Chemical costs 
Chemical bills were provided 
 
c. Sludge disposal costs 
Sludge disposal costs were provided. 
 
4. Drawings of plant site plan, hydraulic profile and process flow schematic. 
Plant drawings were provided. 
 
5. Drawings of process tanks and equipment or a copy of a previous engineering 
report that summarizes tank & equipment sizes. 
Plant drawings were provided. 
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1545 Iyannough Road, Route 132 
Hyannis, MA  02601-1840 
tel: 508-362-5680 
fax: 508-362-5684 
SITE VISIT – UXBRIDGE, MA WPCF 5/3/07 
 
Interview Questions: 
 
1. Request information about plant history (when first constructed, dates of upgrades). 
The plant went online in 1979 (collection system is the same age).  No upgrades since 
then.  They stopped dewatering 12-13 yrs ago.   
 
2. What is the sewer service area?  Are there any expected major flow increases? 
The sewer service area is exclusively within Uxbridge.  However, they take in a great 
deal of Septage from areas outside of Uxbridge.  No major expansion of the collection 
system is expected.   
 
3. Request information regarding plant staffing (number of employees, duties, any 
contract operations?) 
There are four employees for the wastewater facility and collection system (plus a ½ 
time administrator).  The pump stations have 2 employees. 
 
4. Request information regarding operating mode (number of tanks in service, etc).  
They have been running three tanks for 1-1/2 years.  Prior to that, they ran one tank.  
The three tanks are operated with the first tank with no air added, the second tank with 
air added and the last tank with little air added.  The purpose of this is to achieve some 
nitrogen removal. 
 
5. Ask if there are any concrete plans to use any existing unused areas on the site? 
No plans to use other portions of the site.   
 
6. Ask about operating concerns or problems (high flows, high loads, industrial flows, 
etc). 
They do not have major issues with I/I, but they have some. 
 
They have high loads due to septage.  There is no industry in the area.  Mills have left 
the area, leaving excess capacity at the plant. 
 
7. Ask if there are any upgrades that are currently in study or design phase? 
No studies or design. 
 
8. Does facility currently nitrify in the winter even if not required (or is nitrification 
suppressed by taking tanks out of service). 
Yes they nitrify at times.  They do not suppress. 
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9. What kinds of foundations are predominant on the site (piles, etc). 
No special foundations. 
 
10. Where are the samplers at the facility?  Does the influent sampler include all in-plant 
recycle flows? 
 Recycle flows and septage are introduced after influent sampling.   However, at 
times, the septage holding tank overflows at times and this overflow is caught by 
the influent sampler. 
 The effluent sampler is located after disinfection 
 
11. Take Photos of plant (sign, overview, etc). 
Digital pictures were taken of the facility the day of the site visit.   
 
Requested information: 
 
1. DMR reports from January 2004 through December 2006. 
Electronic copies of DMR data were provided.  Effluent nitrogen data is collected. 
 
2. Three years of process data that you collect that may not be reported on the DMRs, 
for example: 
 
a. COD data, if collected 
None taken. 
 
b. Influent temperature 
This data is collected. 
 
c. Primary effluent/ secondary influent parameters (BOD, TSS, Nitrogen, etc) 
This data is collected. 
 
d. Alkalinity 
None taken. 
 
e. Typical MLSS and MLVSS maintained in aeration basins (for activated 
sludge plant). 
This data is collected. 
 
f. Typical RAS rates. 
This data is collected. 
 
g. Sludge wasting rates. 
This data is collected. 
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h. Total plant sludge production. 
Total monthly sludge production is provided. 
  
3. Operating cost data: 
 
a. Cost of electricity 
Electric bills were provided 
 
b. Chemical costs 
Chemical bills were provided 
 
c. Sludge disposal costs 
Sludge disposal costs were provided. 
 
4. Drawings of plant site plan, hydraulic profile and process flow schematic. 
Plant drawings were provided. 
 
5. Drawings of process tanks and equipment or a copy of a previous engineering 
report that summarizes tank & equipment sizes. 
Plant drawings were provided. 
 
 
Document Code 
 
One Cambridge Place, 50 Hampshire Street 
Cambridge, Massachusetts 02139 
tel: 617 452-6000 
fax: 617 452-8000 
SITE VISIT – WARE, MA WPCF 3/15/07  
 
Interview Questions: 
 
1. Request information about plant history (when first constructed, dates of upgrades). 
The original facility was built as an anaerobic digester.  Between 1981 and 1983 the 
facility was converted to extended aeration activated sludge. At this time the belt 
presses were decommissioned and sludge was shipped out. The original design was for 
2.0 mgd average / 5.0 mgd max. The current permit is for 1.0 mgd – at the time of the 
visit, the plant was running at 0.678 mgd.  At some point the facility was upgraded for 
chemical addition. Chlorine and H2S sensors were recently installed in the effluent and 
influent manholes, respectively.  Other minor modifications were made over the years.  
The generator is capable of running the essentials. 
 
2. What is the sewer service area?  Are there any expected major flow increases? 
Currently, only the town of Ware (pop. ~5,000) is contributing flow to the facility.  This 
facility has seen a reduction in flow over the years due to the steady migration of 
industry out of the area.  A few large retail outlets (Lowes, Walmart) in the neighboring 
town will be connecting to the collection system shortly.  The facility expects to see an 
increase in flow over the long term, but nothing major. 
 
3. Request information regarding plant staffing (number of employees, duties, any 
contract operations?) 
There are 3 full time operators.   
 
4. Request information regarding operating mode (number of tanks in service, etc).  
The facility consists of two aeration tanks (1 in service), two secondary clarifiers (both in 
service), one sludge holding tank (formerly one of two anaerobic digesters - in service) 
and two chlorine contact chambers (both in service, converted rectangular primary 
clarifiers).  The remaining former anaerobic digester has been converted to a chemical 
storage tank (currently EPIC 1300).  There are no primary clarifiers.  Liquid sludge is 
trucked off site for incineration. 
 
5. Ask if there are any concrete plans to use any existing unused areas on the site? 
There are no concrete plans to use existing unused areas on site.  The surrounding area 
is open and owned by the town.  There is available garage space left over when the belt 
filter presses were removed.  
 
6. Ask about operating concerns or problems (high flows, high loads, industrial flows, 
etc). 
The sole remaining industry is the local paper plant (Kanzaki Specialty Papers).  This 
industry contributes highly varying flows and loads to the facility.  Flow ranges from 
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45-100 kgd. Solids in particular can be very high, typically consisting of clay based 
pigments and white dyes.  As a result, the plant is solids-limited. However, this 
company generates ~15% of the revenue for the facility. Industrial pretreatment reports 
were obtained for recent years from the DPW director.  There is a max day TSS load into 
headworks in the Draft permit, a portion of which it is believed will be allocated to 
Kanzaki.  There are no high flow concerns. The operators attempt to maintain an F/M of 
0.2 for process control.  The F/M reaches 0.4-0.5 in the summer.  The facility chlorinates 
in the summer.  There is a TMDHL for the headworks.   
 
7. Ask if there are any upgrades that are currently in study or design phase? 
There are no upgrades planned for the facility. 
 
8. Does facility currently nitrify in the winter even if not required (or is nitrification 
suppressed by taking tanks out of service). 
The facility is not required to nitrify.  There is evidence of summer nitrification only, as 
there is a significant drop in alkalinity in the summer.  Soda ash is added to keep the 
alkalinity up in the summer through to the end of October.  Typical influent alkalinity is 
~ 120 mg/L. 
 
9. What kinds of foundations are predominant on the site (piles, etc). 
Foundations are all footings – the site has very good soil. 
 
10. Where are the samplers at the facility?  Does the influent sampler include all in-plant 
recycle flows? 
 Influent samples are drawn from DS of grit chamber, do not include recycle 
flows (there are no recycle flows); 
 Effluent samples are drawn from secondary clarifier effluent launder; 
 Flow is measured at the influent pump station via a magmeter. 
 
11. Take Photos of plant (sign, overview, etc). 
Photos were taken the day of the site visit (March 15th, 2007). 
 
Requested information: 
 
1. DMR reports from January 2004 through December 2006. 
Hard copies of DMR spreadsheet provided.  Nearly complete monthly, 24 hour 
composite Ammonia, Nitrite, Nitrate, and TKN data. 
 
2. Three years of process data that you collect that may not be reported on the DMRs, 
for example: 
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a. COD data, if collected 
Not collected. 
 
b. Influent temperature 
Provided in hard copy of spreadsheet. 
 
c. Primary effluent/ secondary influent parameters (BOD, TSS, Nitrogen, etc) 
None collected – no primary clarifiers, and influent N species not monitored. 
 
d. Alkalinity 
Provided in alkalinity spreadsheet, monthly summary data. 
 
e. Typical MLSS and MLVSS maintained in aeration basins (for activated 
sludge plant). 
Provided in hard copy of spreadsheet. 
 
f. Typical RAS rates. 
Provided in hard copy of spreadsheet.  RAS bubbles up into a wetwell where 
solids measurements are taken  prior to distribution to the aeration tanks. 
 
g. Sludge wasting rates. 
Provided in hard copy of spreadsheet.  WAS is pulled from the bottom of the 
clarifiers.   
 
h. Total plant sludge production. 
Gallons of liquid sludge (‘excess activated sludge’) stored in converted 
anaerobic digester, 3- 5 ½ % solids.  Trucked periodically; 4 loads @ 9,000 
gallons each load (required to empty storage tank?).  Total sludge production 
provided. 
 
3. Operating cost data: 
 
a. Cost of electricity (copy of electric bill is fine) 
Yearly totals provided. 
 
b. Chemical costs 
Yearly totals provided.  Coagulant (EPIC 1300, a brand of PACl) and polymer 
dosed upstream of secondary clarifiers, typically 8-12 gallons/clarifier/day, 
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but can get as high as 20 gallons/clarifier/day.  Coagulant/polymer added for 
solids (year round) and phosphorus removal (seasonal).  Soda ash added to 
supplement alkalinity in the summer. 
 
c. Sludge disposal costs 
Yearly totals provided. 
 
4. Drawings of plant site plan, hydraulic profile and process flow schematic. 
Site plan, hydraulic profile, and process flow diagram provided. 
 
5. Drawings of process tanks and equipment or a copy of a previous engineering 
report that summarizes tank & equipment sizes. 
Original and current tank and equipment sizes were provided on design data sheets 
from Original O&M manual. 
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One Cambridge Place, 50 Hampshire Street 
Cambridge, Massachusetts 02139 
tel: 617 452-6000 
fax: 617 452-8000 
SITE VISIT – WESTFIELD, MA WPCF 4/18/07 
 
Interview Questions: 
 
1. Request information about plant history (when first constructed, dates of upgrades). 
The plant was first constructed in 1973, with a major expansion/upgrade in 1998-2005.  
the upgrade added a third plug flow train.  Aeration was changed from surface aerators 
to diffused aeration (single stage centrifugals), and a SCADA system was added.  A 
recent treatment plant summary/description report was provided, along with the 
annual industrial pretreatment report from 2005.  A new generator has been recently 
installed that has capability of running entire plant. 
 
2. What is the sewer service area?  Are there any expected major flow increases? 
The sewer service area is Westfield and a small part of Southwick.  Southwick would 
want to increase as part of their inter-municipal agreement.  The 20 year plan for 
Westfield anticipates a 0.8 mgd increase in flow.  The plant is currently operating 
around 3.6-3.7 mgd.   
 
3. Request information regarding plant staffing (number of employees, duties, any 
contract operations?) 
A staffing report was obtained, which indicates there are nine current staff members: 1 
superintendent, 1 deputy superintendent, 4 plant operators, and 3 plant attendants.   
The plant is staffed 9 hours a day, 6 days a week, and 5 hours a day on Sundays and 
holidays.  They are currently trying to hire an environmental compliance officer. 
 
4. Request information regarding operating mode (number of tanks in service, etc).  
Normal operation includes running all three trains.  The plug flow aeration tanks have a 
first stage that is being operated as an anoxic zone.  The operators maintain an F/M of 
0.2- 0.3.  Sodium aluminate is added at the beginning of the anoxic zones June 1 to 
October 31 to meet a season TP limit of 1.0 mg/L TP.  There is no feedback loop for 
chemical dosing.  It is anticipated that flow-paced dosing will begin next year.  They 
report TP in winter; NaOH is added in winter to raise pH. There is a feedback loop for 
pH, set at 6.8.  The DO meters work great, which help maintain the target of 2.5 mg/L. 
There is some difficulty turning the single blower down, however.  Only one of three 
blowers is running for normal operation; this blower provides air to all three tanks. 
 
5. Ask if there are any concrete plans to use any existing unused areas on the site? 
No plans for unused space on-site. 
 
6. Ask about operating concerns or problems (high flows, high loads, industrial flows, 
etc). 
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The facility receives a high volume of septage, which currently goes directly (slug 
loading) to the headworks – there is no holding tank.  CDM is in the process of 
designing/installing a septage holding tank (~30,000gallons) near the entrance to the 
plant.  
 
It is believed there are no CSOs – any high flows are the result of I/I.  CDM is currently 
performing an I/I study.   
 
There are four significant industrial users, contributing ~ 4 - 5% of the total flow.  These 
include an electroplating company, two metal finishing companies, and an abrasives 
manufacturing company.  In 2005, there were no violations.  There are 2 categorical 
users over 25,000 gpd; mostly metals are of concern.    
 
Energy costs are a big concern – costs increased by 60% between 2005 and 2006.  
Westfield has its own utility.   
 
Sludge age calculations are highly variable due to atypical wasting practices/rates 
(wasting is done off of the return line, but they can’t waste out of more than one tank at 
a time); the most reliable sludge age values result from monthly averages.  Sometimes 
they waste manually through the drains on the return pipes. 
 
The treatment plant is located in a floodway (worse than a flood plain) – two days 
before site visit the plant was almost completely underwater due to a recent storm. 
 
7. Ask if there are any upgrades that are currently in study or design phase? 
The only upgrade currently in design is the septage holding tank upgrade. 
 
8. Does facility currently nitrify in the winter even if not required (or is nitrification 
suppressed by taking tanks out of service). 
Unknown. 
 
9. What kinds of foundations are predominant on the site (piles, etc). 
The foundation is on spread footings, not piles. 
 
10. Where are the samplers at the facility?  Does the influent sampler include all in-plant 
recycle flows? 
 Filtrate/sidestreams go back to the headworks. 
 Influent flow meter includes side streams. 
 Influent sampler is located upstream of where the sidestreams return. 
 Primary sampler is located on the primary effluent line (for Trains 1 and 2 only). 
MassDEP Nitrogen Study – Westfield site visit 
 
 
 
 
Site visit – Westfield, MA  
April 18, 2007 
Page 3 
 
 
 Final sampler located before the effluent flow meter. 
 
11. Take Photos of plant (sign, overview, etc). 
Photos were not taken – a second visit will be undertaken to take photos. 
 
Requested information: 
 
1. DMR reports from January 2004 through December 2006. 
Complete electronic plant data was provided for most months – a few months of data 
are missing due to clerical/administrative restructuring between the water and the 
wastewater departments. 
 
2. Three years of process data that you collect that may not be reported on the DMRs, 
for example: 
 
a. COD data, if collected 
Not collected. 
 
b. Influent temperature 
Daily temperature data provided electronically. 
 
c. Primary effluent/ secondary influent parameters (BOD, TSS, Nitrogen, etc) 
Weekly primary TSS data provided electronically; no N species data. 
 
d. Alkalinity 
Not collected.  Once/month alkalinity monitoring began March, 2007. 
 
e. Typical MLSS and MLVSS maintained in aeration basins (for activated 
sludge plant). 
Daily MLSS data provided electronically. 
 
f. Typical RAS rates. 
Daily RAS rates provided electronically. 
 
g. Sludge wasting rates. 
Daily WAS rates provided electronically. 
 
h. Total plant sludge production. 
Total monthly sludge production provide via hard copy. 
3. Operating cost data: 
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a. Cost of electricity (copy of electric bill is fine) 
Summary of monthly invoices for the past two years provided.  Costs between 
2005 and 2006 increased 60%. 
 
b. Chemical costs 
Total chemical costs for the past year provided.  
 
c. Sludge disposal costs 
A summary of monthly sludge disposal invoices for the past year provided. 
Sludge is shipped to NY (95% of the time, to be land applied) or to CT (5% of 
the time, for incineration).  Contract is with Synegro, of Waterbury CT.   
 
4. Drawings of plant site plan, hydraulic profile and process flow schematic. 
A full set of plans which includes these items was provided during the site visit. 
5. Drawings of process tanks and equipment or a copy of a previous engineering 
report that summarizes tank & equipment sizes. 
Copies of the O&M manual provided. 
MassDEP Nitrogen Study – Westfield site visit 
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Size of 
Tank 
Unit ENR for 
project 
Direct Cost   
at old ENR 
Cost, Incl. 
OH&P at old 
ENR 
Cost Adjusted 
to Today's 
ENR 
0.53 mil gal 7939 $  
1,680,000 
 $    1,747,200  $     1,780,872 
0.873 mil gal 5860 $  
1,427,584 
 $    1,781,625  $     2,460,223 
4.61 mil gal 7699 $  
4,722,935 
 $    5,894,223  $     6,195,097 
 
 
 
 
 
Size of 
Tank 
Unit ENR for 
project 
Direct Cost   
at old ENR 
Cost, Incl. 
OH&P at old 
ENR 
Cost Adjusted 
to Today's 
ENR 
0.454 mil gal 7563  $     400,000           416,000  $        445,097 
1.47 mil gal 6825  $     555,170  $       692,852  $        821,474 
3 mil gal 6126 $  
1,072,695 
 $    1,338,723  $     1,768,356 
4.61 mil gal 7699 $  
2,010,831 
 $    2,509,517  $     2,637,616 
 
 
 
 
 
 
Size of 
Plant 
Unit ENR for 
project 
Direct Cost    
at old ENR 
Cost, Incl. 
OH&P at old 
ENR 
Cost Adjusted 
to Today's 
ENR 
3.75 mgd 7721  $      
959,913  
$  
1,197,971 
 $     1,255,535 
11.1 mgd 7630  $   
2,026,978  
 $      
2,529,669  
 $     2,682,841 
23.7 mgd 6126 $  
4,330,431 
$  
5,404,378 
 $     7,138,790 
45.3 mgd 7699  $ 
11,816,418 
$  
14,746,890 
 $    
15,499,653  
 
 
 
 
 
Diamete
r of 
Tank 
Unit Depth 
of Tank 
Unit ENR for 
project 
Direct Cost     
at old ENR 
65 ft 14 ft 7721  $        
786,996  
100 ft 13 ft 7312  $     
1,410,000  
140 ft 14.6 ft 7699  $     
1,912,954  
 
 
 
 
 
 
Size of 
Station 
Unit ENR for 
project 
Direct Cost     
at old ENR 
Cost, Incl. 
OH&P at old 
ENR 
Cost 
Adjusted to 
Today's ENR 
15 mgd 7880  $        
820,511  
 $      
1,023,997  
 $     
1,051,546  
32 mgd 6825  $        
955,642  
 $      
1,192,641  
 $     
1,414,044  
46 mgd 6126  $     
1,284,869  
 $      
1,603,516  
 $     
2,118,128  
 
 
 
 
 
Size of 
Tank 
Unit ENR for 
project 
Direct Cost     
at old ENR 
Cost, Incl. 
OH&P at old 
ENR 
Cost 
Adjusted to 
Today's ENR 
6000 gallons 7297  $        
270,000  
 $        280,800   $       311,393 
16,000 gallons 7939  $        
400,000  
 $        416,000   $       424,017 
 
 
 
